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EDITORIAL ANNOUNCEMENT 


THE Members and Fellows of the Academy, actmg through their 
Council and Trustees, decided some tune smce on changmg to some 
extent the nature of the Bulletin To this end a Board of Editors was 
appomted For several years every function which the Bulletin can 
serve has been carefully canvassed As the result of many discussions and 
much plannmg, the Bulletin appears in the first number of this new 
volume in a new dress The new format is mtended to symbolize the 
change, or the hope of change, which the Bulletin is to undergo 

There is every reason to believe that the Bulletin can be made to 
serve as the medium for reflectmg the intellectual hfe and the activities 
of the Academy Now, when the activities of the Academy have 
multiphed and its life has become richer, the need for developmg its 
opportumties for pubhcation have become apparent Beside the Stated 
Meetings and the Section Meetmgs which constitute the backbone of its 
bemg, the Academy has affihated with itself a number of cooperatmg 
scientific societies the New York Roentgen Society, the Harvey Society, 
the Society for Experimental Biology and Medicme, and the New York 
Pathological Society It provides, furthermore, series of lectures and 
discussions m many directions The Annual Graduate Fortmght has 
become the occasion for presentmg full reviews of subjects of active 
contemporary concern It has come to engage the attention of large 
numbeis of physicians m New York and elsewhere m the country The 
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Academy houses the second largest collecuon of books of interest to 
medicine in the country, addmg constantly to it Mdiatever contributes to 
variety and value in medical learning These large and varied activities 
give, and have given occasion for contmuous meetings of physicians-prac- 
titioners and investigators— v ho in their reports and discussions proi ide 
a source whence flov s a rich stream of learning and practical experience 
The M ritings Mdiich come into being under these circumstances consti- 
tute the proper material for pubhcaaon in the Bulletin Besides, 
accounts of the formal activities of the Academy will be suitably 
presented 

The Board of Editors will welcome especially reports of original 
researches undertaken by Members and Fellows of the Academy and by 
others ynshing to use the good offices of the Bulletin 

By folloMung this plan, the usefulness of the Bulletin m ill be much 
increased From time to time editorial comments will appear, proposing, 
criticizing, appraismg issues predominantly of scholarly interest, whether 
in the field of practice, administration or research It is the intention 
in short to make of the Bulletin a forum for discussion, on a high 
intellectual level, of matters having importance in the scientific and 
practical aspects of the life of medicine 

The Board of Editors is deeply indebted to Mr Da\ id Silve for the 
imaginative quality he has displayed, for his understanding of the prob- 
lems at issue, and the care vuth vdiich he has planned this format, and to 
Mr Charles C Morchand, its publisher and printer, for his interest, 
his cooperative spirit and his unremitting unselfishness in bringing the 
nev”^ Bulletin into existence No detail has been too trivial to escape 
notice— the design of the cover, the several t}q?es of pages each appropri- 
ate to theu- subject matter, the typography, the selecaon of the paper on 
which can be reproduced all the usual forms of illustration, the form for 
references to scientific contributions and accessions to the hbraty— all 
have been given due study Especial attention is directed to the escutcheon 
designed by Dr Dickinson, mcorporated in the decorative border of tlie 
cover and printed in a different form on the opening page The oppor- 
tunity to utilize this forceful design in the scheme has contributed greatly 
to Its success 

In this new dress the Board of Editors commends the Bulletin 
afresh to the Members and Fellows of the Academy It reminds them 
that on their active cooperation, the future of the Bulletin must depend 
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PHYSIOLOGY OF THE KIDNEY 
The Wesley Ad Carpentei Lectin e"^ 

Alfred N Richards 

Professor of PharmacologA Lni\crsit\ of Penns\I\ania 

HE KIDNEY IS chief pathway of exit from the body of 
water and of non-volatile diffusible constituents of the 
blood Its function, broadly considered, is the mainte- 
nance of that constancy of composition of the mternal 
fluid environment of the cells of the body which is 
essential not only for health but for survival It shares this funcuon with 
the respiratory system, the skin, the gastro-mtestinal tract It accom- 
plishes Its function by the elimination of urine, at widely varying rates 
and of widely varjnng composition Some of the diffusible constituents 
of plasma appear m the urme in concentrations far higher than those 
which obtain in the blood, some appear m unne m scarcely detectable 
traces It seems as though the kidney can excrete urine of almost any 
composition which the internal environment of the body requires 
(Adolph) 

The remarkable constancy of the composition of blood plasma, 
mamtained against the assaults of periodic intake of varied amounts of 
fluid, salts and food, of changmg external conditions, of widely differing 
metabolic activities, constitutes proof in itself of the flexible adaptability 
of the kidney, not only to the ever present demands of the body for the 
excretion of useless or deleterious substances, but also of its adaptability 
to the constant need of the body for protection against loss of vitally 
important substances The consennng capacities of the kidney, respon- 
sible for the retention of water, of morgamc bases essential for the 
presentation of the electrolyte balance of the blood and for the retention 
of diffusible food stuffs are qmte as necessary for preservation of the 
constant state as is its capacity to excrete metabolic waste, unneeded 
salts and water, foreign substances occasionally mtroduced 

The capacity of the kidney to deal individually with each of a 
multiplicity of substances with discriminating effectiveness provides 

*DeIi\ered No\ember 1 1937 in the Tenth Annual Graduate Fortnight 
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mmcate problems both m the integrative physiology of the body as a 
whole and m cell or organ physiolog)’’ which are of fundamental impor- 
tance The literature contains volununous accounts of experimental 
researches, the purposes of which have been to describe the range of 
activities of the kidney in terms of its response to changes in its mass, 
to changes in its blood supply or mnerE^aaon and paracularly to changes 
in the composition of the blood from which its product is elaborated 
A mass of important information has resulted, useful to physiology and 
to medicine, W'^hich shows, for example, the magnitude of the factor of 
safety in the renal structures (normal renal function can continue after 
half or more than half of the normal structure is removed) , the changes 
in function vdiich result from changes m its circulation (the vascularit)’’ 
of the kidney is so great that as much as one-fourtli of the total blood 
in the body may traverse the renal vessels every nunute) , the fact that 
apparently normal renal function is not dependent upon an extrinsic 
nen’^e supply It reveals the remarkable rapidity yath which many foreign 
substances are excreted and it has shoum tlie quality and quantity of the 
responses which the kidney makes to excess or deprivation of vater, 
salts, acid, alkali, urea, etc 

Such studies define the usefulness of the kidney as the excretoty 
servant of the body Out of them have come tests of kidney funcuon, 
methods of recogmzmg disorder of the kidney and evaluaung its extent 
and probable outcome They yield little information however which 
identifies or defines the individual processes by which urine is formed 
and elaborated withm the kidney They have given us hypotheses only 
with which to relate excretory or consen^atory processes vath the differ- 
ent parts of the renal apparatus The physiologist and the physician hope 
ultimately to know what processes are operative in the different parts of 
the renal umt, the nephron, vdiat controlhng circumstances govern their 
acavities, hov'^ they are coordinated, not only within a single unit or 
among the myriads of umts which constitute the kidney but hov’^ the 
mass activity of the whole organ is coordinated in such a y^ay as to serve 
the body ynth such remarkable efficiency 

My working interests for many years past ha’i e expressed themselves 
in attempts, to design experiments avhich might clarify my understandmg 
of the natu re and site of processes of urme formation ynthin the kidney 
much of y ^t I shall no\v have to say ynll represent the results of such 
attempts 
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It seems almost obligatory to begin this discussion with allusions to 
the work of great predecessors in the past out of which present knowl- 
edge has developed 

Bellim is said to have been the first to publish a description of the 
renal tubules m 1662 In 1666 Malpighi described the globular struc- 
tures in the cortex which at once became known as the iMalpighian 
bodies He showed that they were connected with the arteries and 
guessed, but could not demonstrate, that they were connected with the 
tubules Nearly two centuries elapsed before Bowman, a 26-year-old 
demonstrator of anatomy m London, proved by beautiful dissections 
that the Malpighian body is the expanded end— the begmmng— of the 
renal tubule, that the mtracapsular space is continuous with the lumen 
of the tubule Impressed by the resemblance of the tubules to the acim 
of digestive glands, he conceived that the cells which compose their 
walls secrete the waste products of metabolism from blood into their 
lumina, the glomerular capillaries seemed to him pecuharly suited to 
permit the escape of water from the blood From these two impressions 
he constructed the hypothesis that the urmous constituents of blood 
are secreted by the tubule cells and washed out of the lumen by a 
saline stream flovang down from the glomerulus 

Bowman’s discovery was at once confirmed by another youngster 
of his own age and of comparable genius, Carl Ludwig He examined 
the structures with the eyes of a physiologist whose ambition it was 
to mterpret vital phenomena m terms of physics and chemistry He 
saw the hydrodynamic possibihties of the arrangement of glomerular 
capillaries and boldly stated that this structure must be a filter, that the 
begmmngs of urine foimauon consist m the separation of a cell-free, 
protein-free filtrate from the blood as it passes through the glomerular 
capillaries, m volume sufficient to contain all of the dissolved components 
of urine, that this filtrate m its passage do\ni the tubule is concentrated 
by reabsorption from the tubule and issues mto the pelvis of the kidney 
reduced m volume, mcreased m concentration, fully elaborated urine 

The significance of the work of these two young men can scarcely 
be overestimated In the space of two years (i842-’44) physiology was 
supplied with a correct structural representauon of the umt of kidney 
function and with tivo hypothetical conceptions of processes operanve 
within It A great part of subsequent experimental study has been mflu- 
enced by these concepts and the results expressed in their terms 
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During the following years experiments mstigated by Ludwig, 
which show'^ed the relations between changes in rate of urine output 
on the one hand and changes m arterial blood pressure or in ureteral 
pressure on the other, yielded results -which were in harmony wuth his 
filtration-reabsorption theory These, together with the influence of 
Ludwag, resulted m widespread acceptance of Ludwig’s ideas But in the 
years 1874-1883 \vork by Heidenhain of Breslau upset this view He 
found that the diffusible dye, indigo carmine, injected intravenoush’^ into 
rabbits, is rapidly excreted in the urine in high concentration but is not 
detectable in the glomerular capsules seen m sections of the kidne-^*, 
excised w^hile excretmgr it Hence he concluded that mdi^o carmine is not 
excreted through the glomerulus It is a diffusible substance, therefore 
the glomerulus is not a filter but a secreting structure with the capacity’ 
of selecting w'^hat shall pass through it 

He reduced the blood pressure in rabbits by section of the spmal 
cord to a level -which abolished urine elimination Then, havmg injected 
indigo carmine, he excised the kidney, found massive accumulations of 
dye in the lumina of tubules, concluded that it could have found access 
to them onh'- through the cells of the tubules, hence these are secreting 
cells 

He raised glomerular capillar)'- blood pressure, not as Ludwig had 
done, by increasing arterial blood pressure, which also increases rate 
of blood flow, but b)' partially obstructing the renal vem, -which 
decreases blood floiv He found that rate of urme flow' ahva-^'s dinun- 
ished From this he argued that rate of blood flow' through the glomeru- 
lar capillaries rather than the blood pressure w'lthin them is the prime 
essential in the production of glomerular urine It acts, he thought, by 
altering the state of nutrition of the epithelium which co\eis those 
capillaries 

He calculated the volume of filtrate from blood plasma which w'ould 
be required to contam the amount of urea w'hich a man excretes m a 
dav The figure arrived at w'as 70 litres of this, according to the filtra- 
tion theory, some 68 litres must be reabsorbed if the day’s output of 
urine w ere 2 litres He did not believe that a volume of blood sufficient to 
yield 70 litres of filtrate flow's through the kidneys in a day he regarded 
such an uneconomical process as his figures indicated as incredible 

These facts and arguments and the skill w'lth w'hich they w'ere 
presented caused physiologists throughout the w orld to recant their 
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faith in Ludwig, and for the next thirty years the physiology of the 
kidney M^as principally taught in terms of the Bowman-Heidenhain 
secretory theory'- 

The literature of that period is a literature of debate Neither the 
concept of filtration-reabsorption nor that of secretion could satisfac- 
torily ansu'^er the objections of the one against the other Experiments 
M Inch compelled belief were lacking 

Between 1896 and 1917 work was published which had the effect of 
sloMly reinstating the filtration doctrine in the respect of physiology 
Of outstanding importance was Starling’s classical demonstration of the 
osmotic pressure of plasma proteins, previously thought, because of 
the great size of their molecules, to be osmotically inert He showed that 
their osmotic pressure amounts to some 30 mm Hg, 1 e , when plasma is 
separated from isotonic saline by a membrane impermeable to protein 
but permeable to Av^ater and salt, fluid is drawn in to the plasma with an 
initial force of 30 mm , or if the attempt is made to filter plasma through 
a membrane impermeable to its proteins, a pressure greater than 30 mm 
Hg must be applied before any protein-free fluid can separate 

Starling then found that in diuretic dogs, urine formation ceases 
M hen arterial blood pressure is reduced to about 40 mm , that when the 
ureter is obstructed, urine continues to be formed until the ureteral 
pressure has risen to a level about 40 mm of mercur)'- below that of the 
aiterial pressure The coincidence of these nvo values, and the fact that 
they approximated so closely to his I’^alues of the colloid osmotic pressure 
of plasma led him to think that the plasma proteins interposed an obstacle 
to the formation of urine of the same sort as that which they interpose to 
filtration through a membrane, in a word, that a process of filtration is 
concerned in urine formation 

Experiments by Bainbridge showed that whereas normal frog’s 
urine is strongly hypotonic to plasma, when the tubules (but not the 
glomeruli) are poisoned Atnth bichloride of mercury, the urine becomes 
isotonic His inference At'^as that the glomerular urine is a filtrate which 
IS rendered hypotonic by reabsorptwe processes in the tubule 

Another important influence m as the pubhcauon in 1917 of a mono- 
graph on the Secretion of Urine by Cushny He made an exceedingly 
thorough critical analysis of existing experimental evidence vTich, while 
It exposed the deficiencies of the evidence for both theories, revealed 
greater weaknesses in the basis of the secretion doctrine than in that 
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of filtration-reabsorption From this analysis Cushny developed a modifi- 
cation of Ludwig’s ideas which he termed the Modem Theory and which 
found widespread acceptance 

Thus, some twenty years ago, physiology found itself m possession 
of hypothetical concepts of renal function, of an enormous mass of 
experimentally acquired mformaaon bearmg upon these, but still unable, 
uath decisive certainty, to answer some of the simplest, most direct 
quesaons which had been confrontmg her from the moment when the 
true relationship between glomerulus and mbule was discovered 

Does the glomerulus play a passive or an active role m urine forma- 
tion^ What IS the extent of its participation^ Do the tubule ceUs secrete 
material from blood to lumen of mbule or do they secrete constiments 
of the glomerular product back mto the blood from the lumen of the 
mbule, or do they do both? Is there a division of function in the different, 
structurally unlike parts of the mbule? 

These are precisely the questions which troubled Bowman, Ludwig, 
Heidenham, Starhng and Cushny they are stiU of great concern to us, 
though distmct progress has, I think, been made toward their solution 
in the past twenty years, it is of this progress which I now wish to speak 
First concemmg the nature of glomerular funcnon 
If we knew with certainty the differences beru een the composition 
of the plasma of the blood flounng through the glomerular capillaries 
and that of the fluid which separates from it at that point, u'^e should 
know at once whether the glomerular membrane behaves like a filter 
or whether it exhibits capacities of retardmg or of accelerating the 
passage of individual components of the plasma through it If in addition 
we knew the volume of this separated fluid which is dehvered mto the 
tubules we should be able at once to define the task of the mbules, at least 
in general terms 

In the aummn of 1921 workers in my laboratory found themselves 
m possession of two techmques which had not previously been used 
m the smdy of the ludney, both adaptauons of methods used m other 
connections by other workers One was a method of microscopic obser- 
vation of the frog’s kidney durmg life, similar in design and purpose to 
that which ICrogh had utilized m his smdies of capillaries, indeed to that 
which, long ago, Malpighi had used in his discovety of the capillary 
connections betiveen arteries and vems The other was a micro-dissection 
method, a somewhat crude though effective modification of that which I 
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had seen Robert Chambers usmg in his mampulations of smgle cells, by 
which It Avas possible to msert sharply pointed tubes into the space within 
BoAATuan’s capsule and to abstract the fluid which issues from the blood 
of the glomerular capillaries The amounts of fluid thus obtainable were 
small— usually less than oooi cc— but it was easily possible to submit 
them to simple qualitatiA^e chemical tests, conducted m capillary tubes 
The results showed that the glomerular flmd is free from protem but 
contains chloride and glucose, both of these being absent from bladder 
urine It is alkaline, contains urea, and indeed every diffusible constituent 
of plasma for w'-hich Ave Avere able to make a test 

With time and patience it became possible to adapt to these small 
quantities of fluid a number of quantitative methods for the determi- 
naaon of individual constituents AVith highly sausfactory accuracy, 
and as a result aa'^c uoaa" have a fair number of quantitative comparisons 
of the concentrations of indwidual plasma solutes in glomerular urme 
and m plasma of frogs and Necturi, simultaneously collected from the 
same animal 

The results show that glomerular urme collected both from frogs 
and Necturi has the same composition as a plasma ultrafiltrate with 
respect to total concentration of solutes (vapor pressure), total electro- 
lytes (electrical conductivity), pH, chlorides, inorgamc phosphates, 
glucose, urea, uric acid, creatimne, phenol red, mdigo carmine and 
mulin The last five substances Avere injected subcutaneously or mtra- 
venously before beginning the collection of glomerular urme 

These results seem to me to leave little room for doubt that, m 
amphibia, the glomerular urine actually has the composition of a 
protein-free filtrate from plasma, precisely as LudAVig had imagmed 
ninety-three years ago They show that, so far as the frog is concerned, 
Heidenham Avas wrong in denymg that indigo carmine escapes from the 
blood through the glomerular membrane They give no evidence that the 
glomerulus possesses any capacity Avhatever of selecting Avhat substances 
shall or shall not pass through it if only they are diffusible 

I call particular attention to the fact that the results Avith mulm 
are AA^holly similar to the rest This is a polysaccharide of high molecular 
weight (5100), consistmg of some 32 levnlose groups probably put 
together m the form of a chain Its diffusibility through membranes 
IS much sloAver than is that of urea, glucose or NaCl m free diffusion 
experiments (1 e , conducted AAUth no membrane) its mobility corre- 
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spends to that of a spherical molecule of 15,000 molecular weight 
(Bunim and Smith) The fact that this large and slo\\ ly moving mole- 
cule passes through the glomerular membrane at the same rate as does 
that of urea, \vhich is only 1/85 as heavy and far more mobile, yields 
nvo conclusions one, that the passages or pores through the membrane 
are far larger than is necessary for the escape of the normal, diffusible 
constituents of plasma The membrane is a relatively v ide-meshed sieve 
Another, that diffusion plays no significant part in determining the com- 
position of glomerular urine as I am sure it does in deteimining that of 
fluid separated from blood 111 the systemic capillaries 

Another important piece of cognate information \\as obtained by 
Hayman He succeeded in measuring the blood pressure in the capil- 
laries of a single glomerulus by an application of the principle of the 
Riva-Rocci sphygmomanometer He closed the neck of the tubule, 
through a capillary pipette in the capsular space raised the pressure 
within Bowman’s capsule to a height at which corpuscles \\ ere seen to 
be flowing through only two or three of the capillary loops instead of 
all the SL\ \\diich they usually contain and found that on the average, 
the glomerular capillary mean pressure is 54 pei cent of the aortic 
pressure The average aortic pressure was found to be 37 cm of VMter, 
so glomerular capillary pressuie is about 20 cm The colloid osmotic 
pressure of frog’s plasma, which is the pressure which must be exceeded 
before a protein-free fluid can be separated by filtration through the 
glomerular membrane, is less than 10 cm These figures demonstrate 
that the blood pressure m the glomerular capillaries is ample to produce 
a filtrate 

These analyses, the figures for capillary pressure, together with the 
results of numerous experiments on the surviving frog’s kidney Mdiich 
show correlation between urine rate and height of aortic pressure lead 
me to think that for these amphibia we have no choice but to decide 
that the glomerular urine is an ultrafiltrate and that the process by 
which It IS formed is the purely physical process of filtration 

Direct measurements of the volume of filtrate formed in the sum 
total of the glomeruli of a frog’s kidney have not been made A single 
glomerulus, however, will often yield i cu mm per hour, occasionally 
as much as 4 or more cu mm per hour If these figures are multiplied 
by the average number of glomeruli which the turn kidneys of frogs 
such as we have used contain (4,000), we get an hourly volume of 
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glomerular filtrate of from 4 to 16 cc The rate of urine excretion in 
normal frogs immersed in M^ater is much less than this of frogs subjected 
to the procedures necessary for collection of glomerular urine very 
much less Indirect determinations indicate that in frogs the volume of 
the glomerular filtrate may be as much as 15 or 20 times that of the urme 
which IS elaborated from it I think u e need not hesitate to conclude that 
excreted urine in amphibia is less in volume thaa the filtrate from which 
It IS elaborated 

I vash now to question whether there is evidence upon v^hich to 
base a conviction that the conclusion drav n from the amphibian experi- 
ments that the glomerulus is a filter can safely be carried over to the 
mammalian or human kidney But before doing so it will be of advan- 
tage to discuss one aspect of the physiology of the renal tubule, viz 
secretion 

You vnll recall that BovTOan regarded the tubule cells as secretory 
because of their appearance Heidenham, because of their capacity to 
accumulate mdigo carmine within then lumina under cncumstances 
which he believed abolished glomerular function entirely Other evi- 
dence could be outlmed, none however as convincing as that provided 
by the work of E K Marshall and his colleagues in Baltimore 

Marshall was aware of the fact that there are fishes whose kidneys 
consist only of tubules, no true glomeruli being present Lophms pisca- 
toi ms, the goose fish, and Opsamis tan, the toad fish, are those which he 
studied These kidneys secrete urme at slow rates which contains urea, 
creatine and other nitrogenous substances, magnesium, sulphates, highly 
variable amounts of chloride and phosphate When creatinme or phenol 
red are injected these appear m the urine in high concentration Glucose, 
injected even m large amounts, is not excreted nor do the fishes become 
glycosuric when injected with phlorhizin The chief blood supply of 
these kidneys is venous and the pressure of urme m the obstructed ureter 
may rise higher than the blood pressure In these animals there can be no 
doubt that the tubule cells are secretory structures 

In work on dogs, Marshall showed with comparable certamty that 
the rate of excretion of small doses of phenol red, subcutaneously 
injected, is far too great to be explamed by glomerular filtration, that 
the tubules must play a major part in the transfer of this substance from 
blood to urme 

For example, m one dog, the amount of phenol red excreted in one 
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minute was equivalent to that contained in 148 cc of plasma Only 
one-fourth of the phenol red in the plasma was filtrable, three-fourths 
being combined with the plasma proteins Hence, to account for the 
observed rate of phenol red excretion by filtration alone, a filtrate m 
\olume equivalent to all of the plasma water from nearly 1200 cc of 
the blood would be required It is clearly impossible that all of the 
water can be filtered out of the plasma m its passage through the kidney, 
equally impossible to conceive that enough blood flows through the 
kidneys per minute to yield 1 200 cc of filtrate Hence the inescapable 
conclusion that the tubules participate in the excretion of this dye As 
a result of these experiments it is now possible to say with complete 
conviction that \vhen small doses of phenol red are given to dogs, from 
90 to 95 per cent of the dye is excreted by the tubules, only 5 to 10 
per cent through the glomeruli 

Professor Homer Smith has shown that a similar statement can be 
made concerning man, and experiments made in my laboratory indicate 
that this general conclusion is applicable also to the excretion of indigo 
carmine m rabbits and of the organic iodine compound knomi as 
Hippuran in dogs 

Now to revert to the quesaon whether the evidence permits us to 
believe that the glomerular process in mammals and m man is one of 
filtration 

(1) Microscopic study of the glomerulus in the human kidney 
shows no evidence of the existence of other structures or of more com- 
plex cell structures than are to be found in the frog’s glomerulus The 
epithelium which invests the capillar)^ loops of the glomerulus in man 
IS distinctly less conspicuous than in amphibia There is no histological 
evidence of the development of structures M’-hich conceivably might 
serve a more selective process 

(2) The older experiments of Ludwig showed that the mammalian 
kidney resembles a filter m its response to changes in arterial blood 
pressure, within limits, urine rate increases and decreases with mcrease 
or decrease of blood pressure in the renal artery The inference that 
this fact pointed to filtration as a factor in urme formation was con- 
tested by Heidenhain in the belief that the simultaneous alterations in 
blood flow were the variations which caused the urmary changes This 
contennon has been answered by experiments with rabbits in which 
artificial arrangements were established m Inch permitted blood pressure 
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in the renal circulation to be altered independently of changes in blood 
flow They showed that when the volume of blood flowing through 
the renal vessels was kept constant, the rise of pressure in the renal 
cuculation which was produced by nerve stimulation, by the effect of 
a small amount of adrenalm or by moderate obstruction of venous 
outflow from the kidney was paralleled in strikmg fashion by concurrent 
changes m rate of urine output 

(3) Heidenhain’s claim that the diffusible dye, indigo carmine, is 
not excreted by rabbits through the glomerulus, a claim recently upheld 
by Professor Bensley of Chicago, is, I believe, based on madequate 
experiment This dye, hke phenol red, is to a large extent bound by the 
plasma protems, hence a large fraction m the plasma is not filtrable 
The cun'^e of its concentration in plasma after an mtravenous mjection 
falls very rapidly, so that if one allows a half-hour to elapse between 
mtravenous injection of even a large dose and excision of the kidney 
for histological examinauon the concentration of filtrable dye m the 
plasma may be so low that a filtrate m the capsules at the time of excision 
gives no color to them which is distinguishable in fixed sections Further- 
more, when experiments are designed in which these two sources of 
possible error are avoided, clear evidence is obtained that indigo carmine 
IS excretable through the glomerulus in rabbits, its membrane having 
no selective power to retard its passage 

(4) Finally, study of the renal excretion of the polysaccharide 
inulin gives evidence which is more than suggestive that mammalian 
glomerular process is solely one of filtration 

In frogs It was shown that with respect to ever}'- one of a consider- 
able number of substances tested the glomerular urine gives evidence 
of being a filtrate Among these was the polysaccharide muhn which 
despite Its high molecular weight (5100) and low diffusibflity passes 
tluough the membrane as rapidly as does the water m which it is dis- 
solved or as do the far smaller molecules of urea, glucose, etc This 
necessitates the inference, already stated, that the glomerular fluid is 
forced out of the blood through opemngs large enough to mterpose 
no hindrance to these large molecules In addition it appears that the 
majority at least may be even larger than this for when crystalline egg 
alburmn (molecular weight 40,000-44,000) is mtroduced into the renal 
circulation of frogs it appears m large quantities in the mine, and is 
detectable in the glomerular fluid in concentration which seems to be 
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sonle^^hat less than that of the perfusion fluid But \ihen cr\*stallized 
horse serum albunun (molecular u eight 68,000) is similarl7 tested 
none appears m urine or m the glomerular fluid These statements give 
a rough defimtion of the frog’s glomerular membrane, regarded as a 
sieve If analogous results can be obtained in mammals, m e can be per- 
mitted to think of the mammalian membrane m the same terms 

Now when muhn with a molecular weight of 5100 and a diffusion 
coefficient equal to that of a spherical molecule three times as large, is 
injected mtravenously into dogs, it is excreted with great rapidity and 
often in very high concentraaon For example, in one experiment 70 
per cent of an injected dose of 14 5 gm was excreted m 45 minutes 
A^’hen egg albumin (molecular weight 40,000) is injected into dogs 
along with an equal amount of inulin its excretion is sIom er than that 
of inulin, though eventually quite as complete A^’hen horse serum 
albumin (molecular weight 68,000) is injected, scarcely detectable 
traces of this protein appear in the urine From this it would appear 
that the mesh of the glomerular membrane in dogs is approximately 
the same as in frogs, provided, however, that \vt can be sure that none 
of these large molecules are secreted into the urine through the tubule 
So far as the egg albunun is concerned, I know of no evidence that it 
IS excreted through the agency of tubule cells, much, chiefly histological 
that It escapes through the glomerulus Concerning inulin, there is a 
good deal of evidence that none is excreted by tubules, all by the 
glomeruli In part, it is this 

(1) The aglomerular kidney of the toad fish is -u holly unable to 
excrete it, even Mhen injected intravenously in large doses 

(2) The frog’s kidney is unable to excrete it when it is presented 
to the tubules only via the renal portal vein 

( 3 ) In dogs and rabbits, whose blood pressure is lowered to a level 
at which glomerular filtration is impossible, 1 e , to that equivalent to 
the colloid osmotic pressure of plasma, injected inulm does not find its 
May into the lumina of tubules, "whereas simultaneously injected phenol 
red, or indigo carmine, or Hippuran does 

(4) The rate of excretion of inulin in relauon to its concentration 
in plasma, 1 e , its plasma clearance, m dogs and rabbits, is identical MTth 
that of creatinine In animals made diabetic with phlorhizin its clear- 
ance IS identical with that of glucose (Shannon) It seems incredible 
that a tubular process of secretion, Mdiich we must regard as selective. 
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should deal in identical fashion with three substances so widely different 
physically and chemically as mulm, creatinine and glucose, whereas 
the physical process of filtraaon must mevitably deal with them ahke, 
provided only that the filter is permeable to all alike, as, m frogs, we 
have found that it is 

For these several reasons then we may regard the mammalian and 
the human glomeruli as filters with nearly as sure conviction as that 
which we hold concerning the amphibian glomerulus 

If the facts and conclusions which have been outlmed, particularly 
concemmg the excretion of mulm, are true, viz that its sole pathway 
of renal excretion is the glomerulus and its concentration m the glomeru- 
lar urine is the same as that m the water of the blood plasma, then we 
have acquired a trustworthy method for measurmg the rate at which 
the glomerular filtrate is formed and delivered mto the proximal ends 
of the urimferous tubules 

The amount of mulm excreted m the urme m a minute divided by 
the amount contained m i cc of plasma (i e , plasma filtrate) gives the 
volume of filtrate m cc per minute 

Many such determinations have now been made, most of them in 
the laboratory of Professor Homer Smith at the New York Umversity 
Medical College and they show that for adult man under basal conditions 
120 cc per minute is the average rate at which glomerular urme is 
formed This value is obtained whether urme is being excreted at the 
rate of o 5 cc per minute as a result of water deprivation or 15 cc per 
mmute because of excessive water intake, or at intermediate rates 
We have arrived at last at a conclusion substanuated by a large 
volume of evidence and at variance with none of which I am aware, 
which seems to me to be of paramount importance m any consideration 
of kidney function viz the begmnmg of urme formation consists in 
the separation from blood of a torrent of undifferentiated filtrate by a 
blind physical force Its volume is so great as to contam all of the 
normal constituents of plasma which must be excreted, xwth the prob- 
able exception, for man, of a fraction of the creaunme, it contams also 
relatively vast quantities of glucose, ammo acids and salts \\hich must 
not be excreted In the cells of the tubules reside the capacities of 
restoring to the blood by finely adjusted selective processes of reabsorp- 
tion those substances which the body must keep In tubule cells also 
reside secretory capacities which are responsible for the excretion of 
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a fraction of injected or ingested creatinine (in man) and of most or 
much of some foreign substances, of which phenol red may be taken 
as typical In the present state of our knowledge we are not required 
to believe that any of the urea, uric acid, amons or fixed bases are normally 
secreted into the urme by the tubule cells 

When we find ourselves forced to believe that for the formation 
of I cc of urme per mmute more than loo cc of fluid are separated from 
the blood, that m this separated fluid are contamed m 24 hours nearly 
half a pound of glucose, of bicarbonate, and two pounds of salt, htde, 
if any, of which escape mto the urme, we are compelled to realize that 
reabsorption is the chief task which the tubule is normallv required to 
perform 

Direct evidence of the existence of reabsorptive processes and of 
the localizations of some has been obtained m the study of the amphibian 
kidney 

The same methods which were successful m providing fluid from 
glomerular capsules m frogs and Necturi have also yielded supplies of 
fluid dravm from different levels of tlie tubules of these ammals The 
experiments were far more difiicult, however, because of the tortuosity 
of the tubules and the fact that each is mtertvoned unth its neighbors, 
because of the narroumess of the lumen, and the necessity of avoiding 
collection of fluid which had flowed past the pomt of the collecting 
pipette, because of the necessity also of accurate identification of the 
site of puncture vith reference to the nepliron as a whole A single 
nephron was identified by mjectmg dye mto Bovunan’s capsule and 
watchmg its passage through the tubule the deposition of a globule 
of mercury or oil m the lumen at a pomt immediately distal to the point 
of the pipette prevented reflux, a camera lucida scale dravang of the 
punctured tubule was made by filling its entire lumen with india ink, 
fixing the kidney and clearmg die part contammg it The puncture 
hole vms easily visible m the cleared preparation and measurements of 
the distances to the ends of the segment of tubule m which it occurred 
were accurately made Obviously the analytical methods developed in 
connection with the glomerular problem were equally applicable to 
fluid from the tubule 

Before stating results it should be emphasized again that the urine 
of amphibians is always, normally, more dilute than the glomerular 
filtrate This is largely due to absence of chloride and bicarbonate from 
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the urine It doesn’t necessarily mean, however, that the processes of 
urine formation in amphibia are unlike those in mammals Frog’s urine 
always contams urea m higher concentration than blood— under condi- 
uons of dehydration as much as 70 times that of blood The balance 
between processes of reabsorption and those of concentration is differ- 
ent in two orders, there is no reason for thinking that the nature of 
the processes is different 

One group of results shows that the glomerular filtrate passes through 
the entire length of proximal convoluted tubule with little change, either 
in the total concentration of dissolved substances or in the concentration 
of chloride It is only during passage through the lumen of the distal 
convoluted tubule that the total concentration and the concentration 
of chloride dimmish From these analyses it is possible to assert that the 
selective, acuve reabsorption of NaCI in amphibia is a definite function 
of the distal and not of the proximal convoluted tubule 

In striking contrast with the behavior of chloride is that of glucose 
As soon as the glomerular filtrate has progressed an appreciable distance 
along the proximal tubule, its glucose content is sigmficantly dimimshed 
When half way through, the reabsorption appears to be complete or 
nearly so Special experiments in which glucose solutions were per- 
fused through the distal half of the proximal tubule and also through 
all of the distal tubule showed that the capacity of reabsorbing glucose 
IS possessed by all of the cells of the proximal tubule but not by any 
of the cells of the distal tubule (Drs AValker and Hudson) 

The reaction of the fluid m the tubule remains essentially the same 
as that of blood plasma during its progress through the entire proximal 
tubule (Drs Montgomery and Pierce) At a certain point m the distal 
tubule It begins to become acid By m)ecting indicator soluuons (phenol 
red) into the distal tubule. Dr Montgomery found that the cells which 
are responsible for the acidification of urine are localized in a region 
corresponding roughly to the middle third of the distal tubule There 
are the best of reasons for believing that reabsorption of base from 
the tubular fluid is responsible for its acidification 

Visual evidence was long ago obtamed of reabsorption both of base 
and of xvater The lumen of a single tubule was distended xxnth a dilute 
solution of phenol red by mtracapsular injection The tubule was blocked 
by pressure xnth a glass rod so that no more fluid could enter the tubule, 
that within it remained stationary The colored streak which revealed the 
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lumen gradually changed from a broad, lightly colored band to a narrow 
thread of concentrated color Fluid w as leaving the lumen, the dye w as 
retained wnthin it The color remained red until the blocking rod w is 
lifted Then the column of fluid moved on dow n the tubule and its color 
changed abruptly to the yellow^ tint, w Inch lepresents acidity, at the le\ cl 
in the distal tubule at wdnch, w e must believe, base is reabsorbed 

These reabsorptive processes are abolished when the tubule cells 
are poisoned as by HCN or HgCb They are not to be explained b\ 
diffusion or, so far as I am aw^are, by any other familiar physical process 
They continue to operate w hen the fluids wnthin and wnthout the tubule 
are of identical composition, i e , w hen no initial diffusion gradients 
exist 

The time wdnch w'^as allotted to me is past Evidence has been outlined 
wdiich seems not only to justify but to necessitate belief that the first 
function of the kidney is to separate a filaate from blood in volume so 
enormous as to contain all of the waste products of metabolism and the 
unneeded salts and w ater Necessary as this funcaon is, w ere it uncor- 
rected, death from dehydration and loss of bases wwild inevitably and 
promptly ensue 

Corrective processes of reabsorpuon by w^hich escape of w^atei, 
salts and diffusible nutrients essenaal for sunnval is prevented are dis- 
tributed among the different segments of the tubules These are the 
processes wdiich are finely adjusted to serve the varying excretory 
requirements of die body as a xvhole By chemical rather than by nervous 
messages, tubule cells are informed of small changes m the composition 
of the blood, by mechanisms, as yet beyond description, their response is 
so discriminatingly effective that the narrow'^ optimal range of its varia- 
tions IS preserved 

Tubule cells also excrete The demonstration of this capacity in 
the mammalian kidney is as yet limited largely to the excretion of 
substances w'^hich are not normal products of metabolism or constituents 
of the normal diet Its mechanism is wdiolly obscure It may be that 
future W’^ork will show'^ that this capacity is more important in normal 
urine formation than present knowdedge indicates If so revisions of 
current belief wall be necessary 

The information upon wdiich these statements are based is significant 
in that from it w e gain clearer definition of future problems and more 
secure foundations of interpretations 
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I Historical Orientation 

PsasssHSHSHSHajjjRTY TEARS ago, about the time the Han’^ey Society was 
K a founded, physiologists were rapidly losing interest in 

m S the study of vision and photoreception During the fifty 

p g years preceding that time, physiology had been turbulent 

CiHSSSMHSSSBS fl With the quarrel beuveen Hermg and Helmholtz and their 
followers This vigorous and frequently acrimomous debate had served 
Its purpose of stimulating research and clarifying the ideas involved But 
with the death of Helmholtz and Hermg, the argument as well as the 
patience of physiologists wore itself out, and by 1915 even the efforts of 
Ladd-Franklin to revive it in this country aroused only an amused or 
bored tolerance on the part of physiologists The quarrel seemed far from 
the center of physiology, and our imagination and interest could not be 
fired by the problems It is no wonder then that during the existence of 
the Harvey Society no one before today has lectured to it on the physi- 
ology of vision Before progress could again be made m this field, there 
had to be a period of quiescence out of which was to come a new 
orientation 

The historical quarrel had been about the facts of color vision and 
about Its theoretical basis The new impulse, which twenty years ago 
began to revivify the study of vision, came from an entirely new quarter 
Physiology as a whole was )ust beginning to feel the poAverful influence 
of the rapidly growing science of physical chemistry, and the moribund 
subject of vision shared in the general stimulation which resulted 

Its special activating agent was that portion of physical chemistry 
known as photochemistry This was a new science, which had just 
grown up from its early beginmngs by Grotthus, Draper, Bunsen, and 
Roscoe, through its adolescent period by Luther and ‘Weigert, and 
had only just received its coming of age recogmtion in the form of 
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Einstein’s Photochemical Equivalence La%v In 1911 ^^'eigert had summed 
up Its available knoivledge in a thm volume m German and Sheppard in 
1914 had organized the field m English in a more bullc\- monograph 
Here then was knowledge which could be drawn on for an understanding 
of the nature of vision and photorecepaon 

Nev^ impulses are never completely new, and w hat at first appears 
as a break ivith traditionall)’' accepted view^, often turns out to be really 
m the tradition, the connection havmg become obscured m the period 
preceding the break About a hundred years ago, when Niepce and 
Daguerre discovered hoiv to fix an image produced photochenucaUy, 
Moser (1842) had suggested that the action of light on the retina vas 
similar to the action of hght on photosensitive materials generally Such 
a photochenucal idea of retmal action was accepted by many physiolo- 
gists It received dramatic confirmanon by Boll’s discover)’- in 1876 
of a light sensitive substance in the retina and by Kuhne’s extraction of 
this substance, visual purple, a year later 

Kuhne’s (1879) beautiful researches unth visual purple raised hopes 
for a speed)’- solution of the problems of vision Bur tliese hopes w ere 
quickly disappomted, and that for two reasons In the first place, neither 
visual purple nor an)’- similarly sensitive material could be extracted 
from the cones, and the cones are the elements which mediate color 
vision and most other visual functions under ordinar)’" conditions In 
the second place, the behavior of visual purple did not seem easil)’- to 
be related to the specific properties of vision as the)’- v ere then knoum 
Therefore, m the excitement of the color vision debate, visual purple 
and photochemical notions were relegated to the background 

The new interest m photochemistr)’- brought these ideas back, but 
It M’as not visual purple v’hich led to the photochemical stud)’- of vision, 
but precisely the reverse It v^as the developments in photochemistr\’ 
M hich u’-ere first applied to the solution of visual problems, and these 
later brought a renewed interest in i^isual purple 

Perhaps the first efforts to appl)* concrete photochemical ideas to 
vision and photoreclpption -were made by Lasareff in 1913, and inde- 
pendently a httle latt by Putter (1918) and by myself (Hecht, 1918) 
Mhth these as begmi Vgs, a new interest has developed and has grown 
into an increasingly Arger volume of researches and ideas, ripe for 
evaluation aqd s)mthAs M)’- virtue as speaker this evening is merely 
that the other ^vo pi^f-ers have left the field, ulule I have persisted 
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II Point of View 

Before presenting some of these researches, it is well to formulate the 
pomt of view Avhich underlies them, smce it must form the background 
of the story A process, such as vision in man, represents a comphcated 
series of events It is not only the photoreceptor process itself which 
takes place m the outer end organs, but the nerve impulses which come 
from them, and which, when jomed by other impulses, then pass through 
the various pathways to be transmitted, amplified, and perhaps altered, 
until the final results at the cortex are achieved Nor is the photosensory 
system of other ammals much simpler The receptor system is there, 
impulses are mvolved, ganglia have to be passed, and reflexes have to be 
imtiated 

Smce all these elements enter mto the end result, they surely influence 
Its characteristics to some extent The question is to what extent^ And 
the answer can be secured only by experiment Our o\vn idea has been 
that no matter what enters in the chain of events, the ultimate place of 
origm of the impulses v^hich pass along the optic tracts is m the mmal 
action of light on the receptor cells m the sense organ Therefore, for a 
number of years we have measured the different functions of vision and 
photoreception m man and other animals to ascertain how them quanti- 
tative properties depend on the characteristics of these very first reactions 
which must take place between light and the sensitive elements 

Such a viewpoint has become justified by experience In addition, 
there are physiological considerations which render it not only accept- 
able, but compelhng For example, Adrian (1928) has studied the 
behavior of preparations which are combinations of sense organ and 
nerve, and he found m all cases that the nerve is far more rapidly acting 
and far less fatigable than the sense organ Therefore, what the combi- 
nation of the two transmits is determined by the events m the sense 
organ and not in the nerve 

The human eye is a comphcated sense organ, and it imght seem that 
the information gamed about it would be both comphcated and special, 
and would contribute little toward a basic understanding of the nature 
of the photoreceptor process For my oivn part, I accepted this idea 
at the beginning and began work \vith more lowly animals such as the 
ascidian and the clam However, as the work progressed, it became 
apparent that the human eye is just as capable of yieldmg fundamental 
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information, provided one has the wit to recognize it To find the 
general implications of human vision, it is only necessary to ascertain 
and to evaluate those of its properties which are special Once under- 
stood, these special conditions may be eliminated experimentally, or 
measured and corrected for In the last few'^ years there has therefore 
accumulated a considerable amount of new'^ and precise data recording 
tlie quantitatn^e properties of various visual functions In addition, many 
of the older measurements have been freshly examined, and the wdiole 
field has achieved a form and unity w Inch it did not have a generation 
ago It IS my purpose to present only one facet of this pattern for your 
examination in detail, and to sketch in the rest of it in outline only 

The function to be considered in detail deals with the recognition 
of flicker The reason for its choice is first, that it illustrates the essen- 
tials of the process as a ndiole, and second, that its investigation and 
understanding has in large measure occurred in our own laboratoiT’^ 

III Rons AND Cones 

T\vo things have to be made clear before it can be considered that 
we have begun to understand the visual process m the retina One is 
the relation of the measurements of visual function to those morphologi- 
cal elements in the retina ivhich are concerned wuth receiving the light, 
and the other is the more intimate chemical relauon betxveen the absorbed 
light and the photosensitive substances xvithin the retmal elements ^^^e 
shall consider the morphological basis before presenting the measure- 
ments, and deal wnth the chemical basis afterw'^ards 

The retmal elements concerned xvith vision are the rods and cones, 
wdiose relative distribution and separate funcnon make it necessary to 
treat the I'^ertebrate eye not as a single sense organ, but as a double one 
This IS the duplicity theory which Avas first proposed by A'lax Schultze 
in 1 866 It w^as completely ignored for a generation, and gained recog- 
nition only when it was independently developed by Pannaud in i88i 
and by ^mn Kries at about the same time In its essentials the duplicity 
idea supposes that the retinal cones are the receptors for color vision and 
for vision at high intensities, wdiile the rods are the general receptors for 
light regardless of color, and function best at lo\v intensities 

In the human eye, the center of the retina is occupied exclusively by 
cones, while the rest of the retina contains rods and cones, wuth rods 
increasingly predominant to\vard the periphery There is a central area 
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\\hose diameter is very nearly r 5° which is completely rod-free, while 
a slightly larger area, 2 ° in diameter, contains so few rods that it may be 
considered practically rod-free (Schultze, 1866, Rochon-Duvigneaud, 
1907, Wolfrum, quoted by Dieter, 1924, 0 sterberg, 1935) As a result, 

\ ision at high illuminations is color vision and is most efficiently carried 
on with the center of the retina, while at low illuminations vision is 
colorless and is most effective in the periphery 

The necessity for understanding this morphologically and function- 
ally dual nature of the human eye is aptly illustrated in the history and 
data of flicker The reason is that this field of knowledge has had a 
particularly rapid development in the last few years, and the steps in its 
orgamzation and understanding are easily available 

IV The Problem of Flicker 

'\^''hen the light from an object is regularly interrupted, the resulting 
appearance of flicker depends for its magnitude on the frequency of the 
interruptions ^^^hen the frequency is low, the contrast between light 
and dark is great, but as the frequency is increased, the contrast becomes 
less, and the flicker can disappear completely when the frequency of 
interruptions is made sufficiently high The precise point at which flicker 
disappears is knovm as the critical fusion frequency, and may be deter- 
mined vnth considerable accuracy As a result, its value has been show n 
to depend on a variet}^ of conditions 

The most basic factor whicli controls the critical frequency is the 
intensit)'’ Though the dependence of the critical frequency on illumi- 
nation Avas recognized over one hundred years ago by Plateau (1829) 
and IS evident from the Avork of Emsmann ( 1 854) and of Nichols ( 1 884), 
It A\"as only forty-fiA''e years ago that Ferry (1892) formulated Avhat has 
since become knoAAm as the Ferry-Porter LaA\% namely, that the critical 
frequency is proportional to the logarithm of the illumination intensity'' 
Ferry’s published measurements support this formulation only m the 
most general AA'ay, but the later data of Porter (1902) are adequate for 
Its statement Porter’s AAmrk AA'^as corroborated by Kenneliy and "l^'^hiting 
(1907), by lA’^es (1912), and by Luckiesh (1914) 

Porter’s measurements did more than establish the A^alidity of the 
logarithmic relation They pointed distinctly tOAA^ard the separate func- 
tion of the rods and cones in flicker When his data of critical fusion 
frequency— as cycles of light and dark per second— are plotted against 
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the logarithm of the intensity, they fall on two straight lines instead of 
one The slope of the line at low intensities is i 56, while that of the 
line at high intensities is 124, and their interpretation as rod function 
and cone function respecavely is obvious in terms of the duplicity theory 
Porter’s findmgs were confirmed by Ives (1912), whose data for different 
parts of the spectrum also show a dual logarithmic relation However, 
the slope of the straight Imes and their point of intersection seem to vary 
with the wave-length of the light, the upper and lower limbs of the 
relationship varying in different ways In addition, Ives found the extraor- 
dinary fact that for blue light the low intensity Ime becomes horizontal 

These peculiarities were difficult to reconcile with the simple 
duplicity mterpretation, and this difficulty was emphasized by Allen 
(1919, 1926) who drew through his measurements about five short 
straight lines of different slope instead of the usual two The data 
presented by Allen do not justify this treatment, the pomts appear to 
he on a continuously curvmg line, but their contmuity is obscured by 
Allen’s neglect of such experimental precauuons as fixation, the presence 
of an adequate surround, and the proper adaptaaon to each intensity 
The work of Lythgoe and Tansley (1929), which took all these precau- 
tions, distinctly gives no support to Allen’s multiplicity of straight lines 

Lythgoe and Tansley’s measurements confirm the logarithmic rela- 
tion of intensity to fusion frequency, but Lythgoe and Tansley attach 
no importance to its strict formulauon as done by Ferry, by Porter, and 
by Ives, and consider that their data agree only under certam conditions 
with the linear relation of critical frequency to log 7 The same may 
be said about the measurements of Granit and Harper (1930), who found 
that for a range of about i to 1000 in intensity, the critical frequency 
IS very nearly directly proportional to the logarithm of the intensity 
For higher mtensities the relationship does not hold, and the curve of 
frequency agamst log I tends to become horizontal, as already found by 
Grunbaum (1898) 

One strilcmg thing appeared in the work of Lythgoe and Tansley 
Ives had found that for blue light the lower limb of his data is horizontal, 
and in this he had been confirmed by Allen Ives thought that this was 
a special property of blue light However, Lythgoe and Tansley 
recorded that when measurements are made with a reanal area 10° 
off-center, the lower portion of the data tends to be horizontal even for 
white light, and they correctly interpreted this horizontal portion as 


The Nature of the Visual Process 


27 


due to the appearance of rod function in the periphery at low intensines 

The confusion in flicker measurements which caused Lythgoe and 
Tansley to explore the influence of fixation, surround, and adaptation 
on critical frequency, also prompted us independently to study flicker, 
this, and the fact that none of the measurements existing at the time, 
nor those published during our investigauons, covered a range of inten- 
sities sufficient to define the relation between critical frequency and 
intensitv’- over the functional range of the eye Smce then, we have 
measured this relation for different portions of the retina, for different 
sizes of field and for different colors, for as large a range of illuminations 
as possible, and under such conditions of fixation and surrounding illu- 
mination as to render the data reproducible and definitive As a result 
the confusion has disappeared, and the conflictmg data have become 
understandable and consistent with other visual knowledge 

V Central and Peripheral Measurements 

If the separauon of rod and cone function first suggested by Porter’s 
data is correct, it should be possible to isolate these two functions by 
using the knoivn structure of the retina The central z° of the reuna 
IS practically rod-free Therefore, the relation between fusion frequency 
and intensity, if measured with central areas smaller than 2 “ m diameter, 
should be a contmuous function representmg cones, whereas with larger 
areas or with similar small areas outside the fovea, the relation should 
show a duplex character illustrative of the predominant working of rods 
at Jou'' intensities, and of cones at high intensiues 

The measurements of Hecht and Verrijp (1933Z?) with a small 
field located centrally and peripherally show this expectation to be 
correct Fig i shotvs two sets of measurements made several years 
apart (Hecht and Verrijp, 1933^, Hecht and Smith, 1936) with a 2° 
field situated m the fovea The data demonstrate that for the rod-free 
fovea there is one continuous relation bettveen critical frequency and the 
logarithm of the intensity The relationship is distinctly sigmoid, the 
S-shape being rather drawn out In the middle range of mtensities, the 
data he with reasonable precision on a straight Ime and thus confirm 
Porter, Ives, and the other workers, even to the extent of having a 
slope of the same magmtude as found by them 

Below the middle range the data form a gentle curt e which stops 
fairly abruptly when unth central fixation the field appears uniform 
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even Aidien the test area is extinguished At the highest intensities the 
relation between critical frequency and log 1 lapidly ceases to be linear 
The curve flattens out, and, as Muth other visual functions such as inten- 
sity discrimination and visual acuity, remains flat provided the adapta- 
tion and surround are adequate 

Using the same sized field (2° in diameter with a non-flickering 10° 
surround) we measured the relation between ciitical frequency and 
intensity at 5°, 15°, and 20° from the center The results are shovn in 
Fig 2, and are strikingly different from the central data in that they 
clearly fall into two parts The first is at low- intensities, where the 
critical frequency fiist rises with log 1 and then reaches a maximum 
which IS maintained approximately constant for about 1 5 logarithmic 
units The total intensity range covered by this rise and plateau is about 
3 5 logarithmic units The second part also begins Muth a rise in critical 
frequency as log 1 increases, and also terminates when the critical fre- 
quency reaches a maximum The intensity range covered by the second 
part IS about 4 logarithmic units The same results obtain in ^diatevei 
peiipheral direction of the eye the measurements are made 

Since the central 2 ° field falls m ithin the relatively rod-free area of 
the retina, the continuous nature of the data mark them as a function 
of the cones alone The double nature of the peiipheral measurements 
very likely represents rod function for the low intensity section, and cone 
function for the high intensity section This is borne out by the increas- 
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Fig 1 Critic il frequencj and ilhimina- 
tion 'Ihc data show a comparison for the 
same e\e (S H ) using central fixation and 
a 2° flickering field, between measurements 
made se\eral a ears apart with a 10° sur- 
round (Hecht and Verriip, 19336) and with 
a 30° surround (Hecht and Smith, 1936) 

Fig 2 Relation between critical frequen- 
cy and log I for white light with a 2° field 
in four retinal locations at the foyea, and 
at 5°, 15°, and 20° aboye the foyea The 
data are from Hecht and Verrijp (19336) 
Due to an error in the original paper, tlie 
intensities haye had to be multiplied by 40 
to conyert them correctly into those here 
giy en 


Fig 3 Influence of the area of test field 
on the relation betyyeen critieal frequency 
and log I (Hecht and Smith, 1936) 

Fig 4 Area and the flicker relation 
The log I axis is the same for all the data 
The numbers on the log frequency axis to 
tlie left apply to tlie uppermost data only , 
the other data haye been moyed down in 
steps of 0 2 log unit in order to space them, 
and their precise position is gnen on tlie 
right The curyes are from equation (3) to 
be deriyed later, in w’hicli for the cone por- 
tions 711. = 2, 71=2, and for the rod portions 
7n = 2, 71 = 1 Cf Fig 13 shoyyn later 
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ing separanon of the two sections as measurements are made farther 
and farther from the center the cone section shifts to higher intensities 
and the rod section to lower intensities, as would be expected from the 
increasing' ratio of rods to cones in these regions 

VI Area and Flicker 

We have also measured the relation betu^een critical fusion fie- 
quency and intensity for four centrally located areas 03°, 2°, 6°, and 
19° in diameter, and our measurements (Hecht and Smith, 1936) confirm 
these conclusions The data for ELS are in Fig 3, and, as expected, 
those for 6° and 19° break sharply into two sections while the 2° and 
03° fields show only one contmuous function The slight bend in the 
latter data need not concern us here, it is certain that the bend is not 
due to a slight admixture of rods 

Fig 4 presents the data of S H plotted as the logarithm of the 
critical frequency against the logarithm of the intensity This type of 
plot shows more strikingly the phenomena already described In spite 
of the irregularity in the 03° data, a single curve describes the measure- 
ments fairly well The same single cun^e is even more expressive of the 
2° data, and it is also drawn through the cone portions of the 19° and 
6 ° data 

The rod sections of 19° and 6° requure a slightly different curve 
udiich IS the same for the two fields It is worth emphasizing that the 
rod sections of the two large fields have the same curve drawn through 
them ^^’’hile this is not clearly seen in an ordinary graph of critical 
fusion frequency against log I, it becomes plain in the log-log plot of 
Fig 4 This IS because on a log-log plot of this kind the shape of the 
curve relating critical frequency and mtensirv’' is invariant, and uninflu- 
enced either by the intensit^'^ units or by the absolute values of the 
critical frequency, since these merely shift the position of the curve on 
the two axes The identity of the curves for 19° and 6° shows that 
the difference between them is not basic, but merely represents a change 
in one of the constants m the equation which describes them 

Exactly the same is true for any systematic differences which the 
cone data show Fundamentally the systems m the rods and cones 
udiich determine the relation benv^een critical frequency and intensity 
remain the same regardless of area Only the parameters are altered by 
changing the area This has finally been recognized by those investi- 
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gators who are interested in studying the influence of various factors on 
visual functions For example, Smith (1936), who was concerned xvith 
synaptic and other nervous mfluences on intensity discrimination, has 
found that the basic intensity discrimination relation remains unaltered, 
and that the best way to describe these various nenmus influences is 
to record their effects on the parameters of the fundamental equations 
(Hecht, 1935) for intensity discrimination The same thing should be 
possible -with flicker 

VII Spectral Measxjremexts 

In order to confirm the identification of the two sections shown by 
the measurements which mclude the periphery, we have studied the 
relation of critical frequency to mtensity in different parts of the spec- 
trum The reason for such an mvestigation, and the results to be expected 
from It, may be understood by an examination of Fig 5 which shows 
the sensibilities in the spectrum of the cone system and the rod system 
The data record the relative energy at each wave-length required to 
elicit a mmimal visual effect by each system Each curv’^e is accurate by 
Itself, but the vertical separation between the two is arbitrary This 
separation varies vath the position on the retina, but with all positions 
It IS true at the red end of the spectrum that there is very little separation 
between the rod cun'^e and the cone cun'^e, and that the cone cun’’e is 
always above the rod curve 

Fig 5 tells us that begmnmg at the lowest energ)'- level and moving 
vertically along any ordmate, no visual effect is produced until the rod 
curve IS reached The resultmg sensation will be colorless and will 
continue to be controlled by the rods as the energ\^ increases until the 
cone curv’-e is reached, at which point one will begin to recognize color 
The significant point of Fig 5 is that this photochromatic, rod-cone 
mterval varies with the wave-length, bemg vety small in the red, and 
large in the blue This is mdeed represented by the well known fact 
that the colorless and color thresholds of the eye are verv^ nearly coin- 
cident in the red, but are widely different in the blue (Charpentier, 
1880) 

The result of all this is that the relation between critical frequency 
and illumination when measured with red light should show little or 
no rod section, while vuth blue and green lights the rod section should 
be large, for intermediate parts of the spectrum the rod section should 
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be intermediate in extent Since preliminar)'^ investigation (Hecht and 
Verrijp, 1933a') showed these expectations to be correct, we measured 
in detail (Hecht and Shlaer, 1936) the relation between intensit)’- and 
critical frequency for different parts of the spectrum nnth a circular 
test field 19° in diameter, surrounded by a non-flickering area 3?° in 
diameter 

The information conveyed by the measurements can best be under- 
stood from their graphic representation As Fig 6 shows, the data break 
into two sections The high intensity portions, identified vnth cone 
function, fall together for all the colors The low intensity sections, 
identified with rod function, are spread out much as expected, and extend 
to lower and lov'^er intensities with decreasing wave-length 

Fig 6 resolves the mystery of Ives’ old measurements showing that 
the low intensity portions of critical frequency data which he found 
for different parts of the spectrum may be represented by straight lines 
which differ in slope, the red being steepest and the violet being ptac- 
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Fig 5 Relation betw een a\ e-length and 
relative energ\ required to produce a spe- 
cific Msual eftect at high and at low illumin- 
ations The lower data are from Hecht and 
W illiams (1922) and represent the relative 
energj required to produce a barelv per- 
ceptible brightness after prolonged dark 
adiptation The uppei data are from H\de, 
Forsythe and Cadv (191S) and gne the rel- 
ate e energ\ to produce a gi\en high bright- 
ness, using onh the fo^ea Tlie two cur\es 
are eich accuratel} drawn from their sep- 
arate data J heir ^ ertical separation, how - 
e\er, has been aibitrarilv arranged so that 
the\ are nearly coincident at the red end of 
tile spectrum, this is a grapliic expression 
of the fact that the colorless and color thresh- 
olds of the e\c iie neirh identical m the 
red 

Fig 6 Critical frequenc^ and loir I foi 
different parts of the spectrum for the e\e 
of S H (Hecht and Shiner, 193G) 

Fig 7 Critical f requeues and intensitx 
for different spectral regions for the exe of 


S S (Hecht and Shlaer, 193G) plotted ns 
log frequencx against log intensitx Hie 
numbeis on the ordinates to the left applx 
to the topmost data, for conxenience, tlie 
others hnxe been moxed down in steps of 
0 2 log unit, and their exact positions arc 
indicated to the right 'Hie curxes are from 
equation (3) to be derixed presentl}, in 
xxliich for the cone portions vi — n —2, anti 
for the rod portions 711 = 2, n = 1 

Fig 8 The relation between critical fu- 
sion frequencx and intensity for four species 
of fish L IS for the sunfish Lcpomii (Wolf 
and 7 errahn-Wolf, 193G) , X is for the sword 
tail, Xt 2 )hophorutj P for the black platx, 
PMypoecihufj and B for the Black Ilelleri 
xxhicli IS a complicated cross betxxeen the 
sxxord tail and the black platx (Crozier, 
Wolf, and Zerrahn-Wolf, 1937) Ihe ordin 
ates applx to the Leponw data, the other 
measurements hax e been loxx ered 0 5, 10, 
and 1 6 log units respectix clx merelx to keep 
tliein apart The curxes through the measure 
inents are from equation (3) xvith the x allies 
of 711 and 71 as gixen for each species 
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tically horizontal It is appaient in Fig 6 that for short stretches near 
the rod-cone transition, straight lines can be draMTi through the rod 
data, shoAiang different slopes for the different wave-lengths 

The real phenomenon, however, is something quite different It is 
that the sepaiauon of rod and cone sections as a whole increases as the 
wave-length decreases This is shovm strilcingly by Fig 7 in vhich 
die data of S S are plotted as the logarithm of the critical frequency 
against the logarithm of the mtensity The data for 670 mu fall on a 
smgle, continuous curve, whereas the data for all other parts of the 
spectrum aie best described by nvo separate curves The transition 
between the two poroons is quite sharp for all but the blue and i lolet 
data The high-intensity cone curv^e is m the same position for all 
colois, and the only effect of changmg the spectral composition of the 
light IS to shift the posiuon of the low-mtensity rod cun'^e along the 
intensity axis, vnthout m the least changmg its form 

The identification of rod and cone function is borne out by sub- 
jective observation At low mtensities and below the critical fusion 
frequency the flicker is distmcdy located m the peripheral portion of 
this 19° field so that the field resembles a flickering doughnut, and the 
last appearance of flicker is alvays in the periphety With increasing 
intensity the first sign of approaching cone funcnon is the appearance 
of color m the field, vdnch becomes identifiable with certainty’’ about 
o 5 log unit belov" the actual inflection point of the measurements 

At the intensities around the transmon, two separate loci of flicker 
are very often apparent near the critical frequency one m the peripheiT% 
and the othei in the centei At intensities higher than die transition 
intensity but near it, flicker usually persists longest in the center, but 
beyond these intensities the last trace of flicker may be m any part of the 
field Obviously the rods determine the loiv^ intensity section and the 
cones the high intensity section 

^TII Other V ertebr.vtes 

Other vertebrates such as the bony fishes are known to have rods and 
cones (Schultze, 1866, Wunder, 1925), and Bauer (1910, 1911) and 
\on Frisch (1925) found that they show the Purkmje phenomenon, 
indicating that their high and low intensity visibility curves differ m 
position on the spectrum Using the method of movmg stripes which 
y e de\ eloped for y ork ynth animals other than man, Grundfest (1932) 
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actually determined the two visibility curves for the sunlish Lepomis, 
and found the low intensity maximum at 540 m/i and the high intensity 
maximum about 45 m/i farther in the red It is therefore to be expected 
that the visual functions of fish should also show a double form repre- 
senting rod and cone behavior 

This IS true AVolf and Zerrahn-\^^olf (1936), using the moving 
stripe method, have made critical frequency measurements with the 
same species of sunfish used by Grundfest Just as Grundfest found 
two visibility curves, so Wolf and Zerrahn-Wolf find two limbs to 
the flicker data, mdicatmg separate rod and cone function As Fig 8 
shovs, the intensity separation of the two limbs is more than 4 log 
umts, the main rod section bemg almost impossible to measure because 
It lies belov'' the threshold of human vision Very recently Crozier, 
Wolf, and Zerrahn-Wolf (1937) have reported flicker measurements 
with three other species of fish The data are all given in Fig 8, from 
which It IS apparent that the separateness of rod and cone behavior in 
the visual functions of fish is amply established 

IX Other Visual Functions 

Out of the detailed study of flicker there have come ni'o character- 
isucs of the dependence of visual function on intensity One is the 
separateness of rod and cone behavior correspondmg to expectauon 
from the duplicity theory The other is the increase m effecuveness 
of visual function with the mcrease in intensity to which the eye is 
adapted In each system the increase is at first rapid and gradually 
reaches a maximum which is mamtamed Both these characteristics are 
evident in all other visual funcuons which have been studied in relation 
to intensity I shall illustrate this with visual acmty and mtensity dis- 
crimmation, though it is apparent in other funcuons as well (cf Hecht, 

1937) 

Fig 9 shows Koenig’s (1897) measurements of the relauon between 
visual acuity and the intensity to Avhich the eye is adapted ^^lsual 
acuity IS defined as the reciprocal of the angular distance which must 
separate two contours in order that they may be recognized as discrete, 
the umt of separation being a minute of arc The dichotomy of the 
data m Fig 9 is starthngly clear ^^hth red light there is one conunuous 
function M hich is obviously that of the cones A^hth v hire, green, and 
blue lights there are two relationships,— one at high intensities and 
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the other at low intensities The high intensity limb for all the colors 
IS the same as for red, and thus represents cone function, by the same 
token, the similarity of the loiv intensity portion for blue, green, and 
white, and its complete absence in the red, mark it as the expression of 
rod function In particular, note the position on the intensity axis and 
the relauve size of the rod portions for blue, green, and white The 
blue section is largest, the green next, the white next, and the red is 
non-existent, just as Ave found noth flicker 

Shlaer has very recently (1937) made visual acuity measurements 
with white light in which the function was deliberately confined to the 
rod-free center of the retina As was to be expected, he found that 
under such circumstances the relauonship between visual acuity and 
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Fig 9 X''isual acuitj and illumination 
for different colors (Koenig, 1897) The in- 
tensity axis is the same for all the colors 
The numbers on the visual acuitv axis apply 
onlj to the data for white light For con- 
lenience in showing the data, the red meas- 
urements have been displaced downward 0 5 
log unit, the green, 0 5 log unit upward, the 
blue, 1 log unit upward The separation of 
the data into two sections needs no emphasis 

Fig 10 Visual acuiti as related to inten- 
sitj for two obseners (Shlaer, 1937) In 
eacli case the cone measurements were spe- 
cificallv confined to the fovea The curies 
through the data are from equation (3) with 
m = 7! = 2 for the cones, and m z= 2, n = 1 
for the low intensity rod section 

Fig 11 The relation between intensitv 
discrimination and intensiti with different 
retinal areas and with white light (Stein- 
hardt, 1936) The lower data for an area 
approximatelv 1° in diameter show only cone 
function and are described by equation (3) 
w here m = n=2 The upper data w ith a much 
1 irger area show both rod and cone function 
Here too the cone section is described b\ 
equation (3) with m = n = 2, while the rod 
data are too few for critical determination, 
the curie through them has the same lalues 
of m and n as the cone section 


Fig 12 Intensitv discrimmation at dif- 
ferent intensities for different parts of the 
spectrum The ordmates are correct for the 
measurements with white bght, those for 
green and blue have been raised 0 5 and 1 0 
log units respective!) while those for yellow, 
orange, and red have been lowered 0 6, 10, 
and 1 5 log units respectii eh merely to sepa- 
rate the points For red the data are con- 
tmuous and represent one functional si stem 
onlj, the cones For the other colors a second 
system, the rods, becomes more evident at 
low intensities as the color moves toward 
the blue As usual in visual measurements, 
white light behaves much as jellow Lght 
The curves are from equation (3) with m = 
n = 2 for the cone section, the rod section 
IS also best described bj the same values 
The discrepancy near the transition between 
rods and cones for blue light shows up fre- 
quently with blue light measurements of 
other visual functions, cf Fig 7 for example 

Fig 13 The steady state equation (3) 
plotted when m and n are each 1 and 2 
Because of the log plot the shape of the 
curves remains constant regardless of the 
V alues of K and a 
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intensity is continuous and single, whereas similar measurements including 
the periphery shou" the usual double relationship His data are shou^n 
in Fig lo 

The increase in visual acuity which the eye shows vath rising inten- 
sities has been known since Mayer first investigated it in 1754 AVhat 
Koenig’s measurements show in addition is that this increase is true for 
both rods and cones, and that the rate of increase slows up foi each 
section Indeed, Shlaer (1937) found that at intensities ten and even 
a hundred times higher than those attained by Koenig, visual acuity 
remains constant at a maximum value depending on the test object and 
on the pupil size 

Intensity discrimination shows precisely the same two properties as 
do visual acuity and flicker If I and 7 + A/ are two intensities vdiicii 
can just be recognized by the eye as differing in brightness, then die 
fraction 7 /A/ is a direct measure of intensity discrimination AVhen 
the eye can tell only large differences in brightness, its intensity discrimi- 
nation IS poor and the fraction 7 /A 7 is small, whereas when the per- 
ceptible difference A 7 is slight, the capacity for intensity discrimination 
IS good, and the fraction 7 /A 7 will be large 

Intensity discriminauon has been measured by Aubert (1865), by 
Koenig and Brodhun (1888), by Blanchard (1918), and others Since 
I have already reviewed the extensive data on this subject (Hecht, 1935, 
1937), It IS unnecessary to go into it here, I shall therefore confine myself 
to two examples, chosen to illustrate the critical points involved Stein- 
hardt (1936) working in our laboiatory was able to show that when 
intensity discrimination is measured at different intensities with white 
light, the results depend on the retinal location of the measuring area 
"With centrally-fixated test areas larger than 2°, his measurements with- 
out exception fall on a double curve showing rod and cone function, 
while for smaller areas they always form single curves like those for 
flicker and visual acuity under the same circumstances Fig 1 1 shows 
two examples of his measurements, one with a test field 56' in diameter, 
a|id the other 3 ° 44' in diameter The difference between them, and the 
nieanmg of the difference is obvious 
\ We (Hecht, Peskin, and Patt, 1937) recently measured the 
remion between intensity discrimination and intensity for different 
partXof the spe ^trum The results are showm in Fig 12, and it is unnec- 
cssar \ to com.hent on them at length They sho’w essentially wTat 
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flicker and visual acuity showed, namely that there are two visual systems 
which seem to operate separately, and that for each system the \ isual 
function becomes better and more effectiv^e as the intensity is increased 
It will not have escaped the reader that the way m which visual 
function and intensity are related is similar for the three properties here 
presented This will become more evident when the nature of the 
receptor process has been discussed and quantitatively formulated 

X Photochemistry and Vision 

In buildmg a picture of the intimate chemical and physical events 
which underhe the visual process, we may start with the most general 
ideas about its nature There are three things which must take place 
First, there has to be a sensitive substance which absorbs hght and is 
changed b)^ it into one or more active products Second, it is necessary 
to maintain a supply of this photosensitive material, otherwise it would 
be used up and the process would come to an end These two processes 
may be called the primary hght and primary dark reactions Third, the 
active photoproducts of the primary hght reaction must do something 
of ^^hlch the end result is an impulse from the receptor cell This is 
the secondary dark reaction 

These three requirements are the mimmum essentials The photo- 
receptor process itself is certainly more elaborate Moreover, vision 
involves more than the photoreceptor process alone Yet it is a fact 
of pertment interest that the behavior of many visual functions may be 
formulated m quantitative detail m terms of these mmimum essenaals 
alone Certainly the three visual functions of flicker recogmtion, mten- 
sit\'’ discrimination, and visual acuity may be described in this way 
Let us examine the properties of the simplest photochemical system 
which can be suggested as correspondmg to the primary'’ light and dark 
reactions Consider a photosensitive substance 5 whose total imtial 
concentration is a Let hght of mtensity I shine on it, and as a result 
let there be produced the photoproducts P, A, etc , whose concentra- 
tions at the moment t is given by x The rate at which this primary' 
hght reaction S^F-pA goes will be proportional to the mtensity and to 
the concentration (a-x) of sensitive material, this may be written 

dx/dt = kil (a-x)^ (i) 

u'^here vi is the order of the reaction, and ki is a velocity' constant which 
includes the absorption coefficient 
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Let US further suppose that some of these photoproducts P, A, etc 
can reunite by themselves or with the help of addiaonal substances or 
energy to form again the sensitive material 5 The velocit)'^ of this 
primary dark reaction S<-P-pA 'unll be proportional purely to the con- 
centrations X of the photoproducts, this becomes 

-dx/dt — ksX” (2) 

M^ere 7; is the order of the reaction and is its velocity constant 

A^^hen such a system of rwo reactions is steadily exposed to light, 
corresponding to the adaptation of the eye to a given hglit intensit^^, the 
two reactions proceed simultaneously until tlieir velocities become equal, 
and the system reaches a stationary state Putting equaoons (i) and (2) 
equal to each other, and rearranging terms, we get 

Kl = V’/ia-x)”’ (3) 

M here K = ^1/^2 This is the equation of the photostationary state of 
the simple reversible photochemical system 

Again It IS necessary to emphasize that this formulation is too simple 
to correspond to what the photoreceptor process probably is {cf espe- 
pecially, Wald and Clark, 1937) But at the same time it is also important 
to state that the three visual functions presented in this paper all behave 
as if they were controlled by just such a simple system as represented 
by the stationary state equation (3) In fact, so close is the relauon 
between equation and data that it is possible to deteimine from the 
measurements the numerical values of vi and 7; 

Equation (3) may be studied by putting a equal to 100 per cent, 
and computing the values of Kl for different values of x after 7; and in 
ha\ e been given values of i or 2 The results of such a series of com- 
putations are shown m Fig 13 Because of the logarithmic plot, the 
curves keep their shapes regardless of the magnitudes of K or of the 
units in u^hich a and x are measured It is the values of in and 7? uhich 
determine the specific shapes and slopes of the curves 

It can be shown that at the stationary state produced by a given 
intensity’ I in such a photochemical system, the critical frequency is 
directly proportional to x, xvhile the intensity'’ discrimination 7 /A/ and 
the Msual acuity are both directly proportional to x" It would take 
us too far afield to reproduce the derivations here, but they are simple 
and straightforward, and have been presented in detail elsewhere (Hecht, 
1935, 1937) Because of this direct dependence of visual function 
on X, It IS easy to compare the data with the curves of equation (3) 
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Actually the lines draM^n through the measurements in Figs 4 and 7 
for human flicker are the stationary state equation in which for the 
cones VI = z and n = 2, while for the rods 7;/ = 2 and n = i A'loreover, 
all the cun^es through the fish flicker data in Fig 8 are also from equa- 
tion (3), for each curve the appropriate values of 7;/ and 72 are indicated 
in the figure 

Exactly the same is true for the intensity discrimination data in 
Figs ir and 12 The curves here are also that of equation (3) For 
the cone portion /// = 71 = 2 as for flicker For the rod portion it is 
difficult to be certain, because in most cases the points are too few, but 
where the points are many 7// and 72 both seem to equal 2, and it is this 
equation -uduch has been drawn through them 

Shlaer’s visual acuity measurements in Fig 10 are also described by 
equation (3) of the stationary state The curves m Fig 1 o have 77; = 72 = 2 
for the cones, and vi = 2 and 11 ~ i for the rods, just as we found for 
flicker I have shown (Hecht, 1937) that Koenig’s visual acuity data, 
when properly corrected for pupil area and efficiency, are also fitted by 
the same equation having the same values of m and 72 as Shlaer’s for 
both cones and rods 

The conclusion from such numerical comparisons is clear The 
quantitative properties of set eral major visual functions may be described 
with adequate fidelity m terms of the simplest theoretical assumptions 
about the photochemical and chemical reactions wdiich must take place 
in the retinal elements 

XI Visual Purple 

The assumptions just made in the quantitative description of visual 
functions involve the existence of photosensitive substances in the rods 
and cones AVhat is actually knowm about such substances in the eye^ 
For the cones no photosensitive substance is knowm, though repeated 
efforts have been made to extract one There must be such a substance 
or several such substances, since the cone visibility cun’^e undoubtedly 
represents their combined absorption spectrum Evidently the sensi- 
tive materials are present in such high dilutions that their specific absorp- 
tion in solution is masked by the other materials ex'tracted wnth them ^ 

i Since this vas -nritten, IValtl (l^ST) Ins reported tint digitonin extracts of cluck 
retmis shoA\ the presence of t ^'0 photolsbile substances, one uith an absorption maximum 
near 510 and the other with a maximum near B70 aifi The former is most probablv 
Msiial purple, iihile the latter is the heretofore unknown cone photosensitive substance, 
which he cills lodopsin, but which mac be called less formalh \isual violet The chick 
retina is composed oi erwhelniingh of cones, though some rods are also present Necer- 
theless W'ald’s extract indicates a higher photometric densitx of visual purple than of 
Msiial Molet eien in this essentnlh cone retina 


42 


THE BULLETIN 


For the rods, hoM^ever, we have visual purple, which may be studied 
in the retina, or in solutions extracted from the retina 

Kuhne (1S79) could never separate visual purple from the proteins 

V Inch v^ere in its solutions His studies on the destruction of visual 
purple by heat shov'^ed this process to have a high temperature coefficient 
much like that found later for the denaturation of proteins This made 
It probable that visual purple itself is a protein, and we have nov rendered 
It even more probable (Hecht, Chase, and Shlaer, 1937) by determining 
the molecular weight of visual purple The value turns out to be about 
800,000, which puts visual purple at about the same size as thyroglobulin 
(Heidelberger and Pedersen, 1935) 

Visual purple is not a simple protein Wald (1935^1, I935^, 1936) 
has found that on bleaching, visual purple yields a carotenoid, retinene, 

V hich sloudy changes to vitamin A This makes reasonable the relation 
betw^een states of nutrition and vision, which has been knovm for cen- 
turies Moreover his work has thus identified visual purple as a conjugated 
protein belonging to the carotenoid proteins, of which many are knovTi 
as animal pigments, though none other than visual purple are sensime 
to light 

Ahsual purple shoves man)'- properties u'hich fit in ivith lusual 
knov'ledge Among these are its absorption spectrum which has its 
maximum at the same place as the rod visibilit)’’ curve (Hecht and 
Vhlhams, 1922) Also, visual purple even in solution can regenerate 
Its color after having been bleached Kuhne (’1879) first recorded this 
sixty )'^eais ago, but since then no one was able to repeat his experiments 
though man)'- investigators tried Recently we (Hecht, Chase, Shlaer, 
and Haig, 1936) have found some of the conditions vhich make regen- 
eration m solution possible, and have been able not only to confirm 
Kuhne completel)'- but to measure the course of the regeneration reaction 
and to determine the absorption spectrum of the regenerated material 
In addition Chase (1937) has found that for visual purple to regenerate 
m solution, another photosensitive substance present with it must also 
be bleached This nev'- photosensitive material is particularly sensitive 
to blue light and is different from visual purple 

Kuhne knev' that ni the 1 etma visual purple ma)'- regenerate in tv 0 
vays directly from its photoproducts, and from newly supplied 
materials Wald has confirmed and extended these findings, and has 
even shovm that they clarify the behavior of rod dark adaptation which. 
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under certain conditions, shows two different courses (\\ insor and 
Clark, 1936, Hecht, Haig, and Chase, 1937, Wald and Clark, 1937) 
Much IS expected from this direct photochemical and chemical 
approach to the study of vision, and it is to be hoped that the next few 
years wnll witness the fruition of these efforts 
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Toronto, 'Macmill'in, 1936, 100 p 
Griffin, F W W The scientific basu of 
physical education 
London, Jlilford, 1937, 203 p 
Guedes de Mello, H Pnncipaes trabalhos 
scientificos 

Campinas, Casa Genoud, 1936, 361 p 
Gutzeit, K & Teitge, H Die Gastroskopie, 
Lehrbuch und Atlas 
Berlin, Urban, 1937, 3-12 p 
Haldin-DaMS, H D Skin diseases tii gen- 
eral practice 3 ed 
London, Milford, 1937, 400 p 
Hiibner, M The diagnosis and treatment of 
sexual disorders in the male and female 
Phil , Dai IS, 1937, 490 p 
Jackson, C &. Jackson, C L The lari/nx 
and its diseases 
Phil , Saunders, 1937, ooo p 
Jaison, L M ilfaiiia 

N Y , Funk, 1937, 263 p 
Josephson, E Glaucoma and its medical 
treatment icith cortin 
N Y, Chednev Press, [1937], 92 p 
Joslin, E P ^ diabetic manual 6 ed 
Phil , Lea, 1937, 219 p 

Kame, G G The control of tuberculosis in 
England, past and present 
London, Milford, 1937, 188 p 
Ke\, I & Connell, H E The manape- 
ment of fractures, dislocations and 
sprains 2 ed 

St Louis, Mosb\, 1937, 1246 p 
Koshtoiants, Kh S Povcst iz jizni akadem- 
ika I P Paz'loza 

Moski a, Izd Akademn Nauk SSSR, 
1937, 179 p 

Kracke, R R ^ Ganer, H E Diseases of 
the blood and atlas of hematoloqv 
Phil, Lippmcott, [1937], 532 p 
Kronfeld, R Dental histoloqi/ and compara- 
tive dental anatomy 
Phil , Lea, 1937, 195 p 

Krusen, F H Physical therapy in arthritis 
N Y, Hoeber, 1937, 180 p 
Ligeros, K V Hozv ancient healing gozerns 
modern therapeutics 
N Y , Putnam, 1937, 523 p 


Lorentz, F H Sportarztliche Beratitno 
Leipzig, Thieme, 1937, 146 p 
Mann, I C Developmental abnormalities of 
the eye 

Cambridge [Eng], Uni\ Press, 1937_ 
444 p 

Maternal care, appro\ed bv the Aniencin 
Committee on Maternal AVelfare, P L 
Adair, editor 

Chic, Uni\ of Chic Press, [1937], qi p 
Jferntt, H H A Fremont-Snuth, F The 
cerebro'.pinal fluid 
Phil , S Hinders, 1937 333 p 
Oriiisln, O S A practical treatise on dis 
ea^es of the skin 5 ed 
Phil , Lea, 1937, 1334 p 
Paiichet, V &. Diipret, S Pocket atlas 0/ 
anatomy 3 ed 

Loncion, Milford, [1937], 3SS p 
Porteus, S D Primitizc intelliqence and 
cnmron ment 

N Y , Macmillan, 1937, 325 p 
Prinz, H Diseases of the soft structures of 
the teeth and their treatment 2 ed 
Phil , Lea, 1937, 500 p 
Puente Duanj, N Ticnicas de autopsies 
2 ed 

Habana, Inst de Radium, Hosp “Mer- 
cedes,” [1937], 186 p 

Rong\, A J Childbirth yesterday and to- 
day 

N Y , Emerson, 1937, 192 p 
Rose, (Mrs) M D (Snartz) Feedttiq the 
family 3 ed 

N Y , Macmillan, 1937, 459 p 
Russell Sage Foundation Physicians and 
medical care B\ E L Bronai 
N Y , Russell Sage Found , 1937, 202 p 
St JIar\ s Hospital, Rochester, Minn The 
opcratinq room 3 ed 
Phil , Saunders, 1937, 286 p 
Shapiro, H R IVhat ezery younq man 
should knozv about ~car 
X Y , Knight, 1937, 146 p 
Shnartzman, G Phenomenon of local tissue 
reactivity 

X Y , Hoeber, 1937, 461 p 
Social anthropoloqy of Korth American 
tribes, F Eggan, editor 
Chic,UnH of Chic Press, [1937], 456 p 
Steel, IM Bioloqical and clinical chemistry 
Phil , Lea, 1937 770 p 
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Stepp, W , Kulimii, J A Scliroeder, H Die 
Vitamine unci ihre hJiiiisclie Aiiu-endiing 
2 Aufl 

Stuttgart, Enke, 1937, 189 p 
Stubbe, E Spontanc nncl ’tlrahleninchizierte 
Mutabilifat 

Leipng, Ihieme, 1937, 190 p 
1 anner, E M Bactcrioloqy 3 ed 
N 1 , M lle^, 1937, 510 p 
Textbook (A) of the practice of medicine, 
edited b\ F W Price 5 ed 
I ondon, "Milford, 1937, 2038 p 


rraiieso, C R Estudios de cirugla cUnica 
y operatoria 
l^aris, Doin, 1937, 217 p 
Iweed}, E H &, "M rencb, G T Practical 
obstetrics 7 ed 

London, Milford, [1937], 773 p 
"Weinrirl, J General hyqiene and pre-centize 
medicine 

Phil , Lea, 1937, 42-1 p 

\oung, H H Genital abnormalities, her- 
maphroditism and related adrenal dis- 
eases 

Balt, A\ illiams, 1937, 649 p 
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PROCEEDINGS OF ACADEiMY MEETINGS 


STATED MEETINGS 

December 2 — The New York Academy of 
Medicine E\ecuti\e Session — a] Read- 
ing of the minutes, b] Election of ‘Vcad- 
eln^ officers U Ihe ninet\ -first anni\er- 
sar\ discourse Mas the first Joseph 
Collins Lecture and Mas delnered by 
Ch irles R Stockard, Professor of Anat- 
oiin, Cornell Lnl^erslt^ Medic il College, 
on the suhiect, Ihe Mechanisms Oper- 
ating the Bod^ as m Integrated Unit* 
II Report on election of members 

December 16 — The Harvey Society (tn afftl- 
mtion with The New York Academy of 
Medicine) Third Lecture, The Functional 
Significince of the LMnphatic System, 
Dr Cecil K Drinker, Professor of 
Plnsioloir\, School of Public Heilth, 
Harvard Lnnersitv 

SECTION MEETINGS 

Dlcimbir 3 — Siirqeri/ Reading of the min- 
utes ^Presentation of cases — a] Lvmpbo- 
sarcoma of tlie leiunum, Frank Glenn, 
Discussion bv William F MacFee, John 
Douglas and Sidnev M emtraub , b] 1 
Hernii of je)ununi and ileum throuirh 
tlie transverse mesocolon, 2 Megacolon 
following the development of an aortic 
aneurvsm, Harold J Shellev , Discussion 
of the first case bv John Douglas, Dis- 
cussion of the second case bv Edvv ard 
Peterson, c] Carcinoma of the lower 
rectum Harold Brown Keves, Discus- 
sion bv William F IMacFee, d] Case il- 
lustrating paper on hanphogranuloma 
V enereum, A W IMartm IMarino 
e] Case illustrating paper on duodenal 
obstruction m the new born, Walter 
Stenson II Papers of the evening — 
a] Ihe anorectal aspect of venereal 
Ivmphogranuloma, A W Martin Ma- 

* This was the first oi two lectures on the general 
‘subject ‘The Interactions of the Endocrine and 
rvous Sv steins “ 


rino. Discussion bv Frink C 'ieonun, 
b] Duodenal obstruction in the new horn' 

V successful operation on a premature 
twin, Walter Stenson, Diseiission bv 
DeM itt Stetten, Jerome Leopold, Ed 
vv ard Donov an H General discussion 

December 7 — Dermatoloqii and Siiphiloloqii 
Reading of the minutes H Presentation 
of c ises — a] Skin and cancer unit of the 
Post-Graduate Medical School, b] Mis 
tellaneous c ises H Discussion of selected 
c ises * Executiv e session 

December 0 — New York Meetinq of the See 
tion of Pediatric<! Svmposium on tumors 
of cbildhood presented bv members of 
the staff of the Memorial Hospital 
Presentation of cases — a] A five vear 
cure of a case of osteogenic sarcoma of 
the calcis, Norman L Higinbotham, 
b] Hvpertrophv of breast in a child, To 
seph Farrow (bv invitation), c] A case 
of hygroma of the neck, Robert L Brown 
(by inv Ration) U Papers of the evening— 
a] General considerations of cancer in 
children, Harold M Dargeon, b] Ma 
lignant tumors of soft tissues in infancv 
and childhood, George T Pack, c] Diae 
nosis and treatment of primarv bone 
tumors m children, Bradlev L Colev, 

d] Malignant tumors of the head and 
neck m children. Haves E "Martin, 

e] Blood and harnpli vessel tumors ir 
children AVilliam L Watson, f] Malig 
nant Ivmphomatous tumors and leu 
kemia in childhood, Llovd F Graver 
If Discussion, James Ewing, Frank E 
Adair 

DECEarniR 14 — Neuroloqq and P<tiichiatTti 
Papers of the evening — a] The attitude 
of the psv choneurotic toward scientific 
contraceptive advice, Jacob H Fried 
man. Discussion, Israel Strauss, Chr 
ence P Oberndorf, b] Phv'siologv of 
vision and quantitative visual test for 
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localization of tumors of brain — a pre- 
liininar\ report, Charles A Elsberg, 
Hniian Spotnitz (ba mutation). Dis- 
cussion, Selig Hecbt, Ph D , Professor 
of Bioplnsics, Columbia Unnerslt^ (b\ 
imitation), John M "Wheeler, Felix 
Bernstein (b\ imitation), Richard 
Brickner, Hunan Spotnitz (bv inMta- 
tion) , c] Obsenations on motor apraxii, 
Earl C Cheslier (ba imitation). Dis- 
cussion, Kurt Goldstein (bi im itation) 

’’ Execiitii e session 

Decimulr 15 — Oenifo - Urinari/ Surgertf 
Reading of the minutes U Presentation 
of cases — a] An induction motor suction 
pump for urological drainage, Harold E 
Stedman (by imitation), b] A case of 
indrocele renis, Stanlei R "Woodruff, 
H S Rupert (b\ iniitation) H P iper 
of the evening — A clinical consideration 
of simple renal infections in the preg- 
nant ivoman, Leon Herman, Craig "W 
Muckle, Philadelpliia (b\ in\itation) 
II Discussion, Henn Dauson Furniss, 
Harbeck F Halsted, George F Hoch, 
Herbert F Traut 

December 15 — Otolari/ngology Reading of 
the minutes H Present ition of c ises — 

a] "Malignant granuloma of the ethmoids, 
Vlfred F Hocker (b\ im ilation) 

b] "Mi-xochondroma of tlie nose m an 
infant, Genais IV ^IcAuliffe 1l Papers 
of the e\enmg — a] Lar\ ngo-fissure for 
lemoial of intrinsic carcinoma of the 
lanoix (illustrated b^ colored motion 
pictures), Arthur Palmer (All of the 
foregoing contributions were from the 
otolarmgological staff of the Nen "lork 
Hospital, Cornell Medical College) 

b] A short report on the use of a nen 
local anesthetic agent nbicb giies pro- 
longed analgesia, AV AVallace Morrison 
Discussion, Alexander F La/lo (b\ in- 
Mtation), Caesar Hirsch (In inMtation) 

c] Otogenous cerebellar abscess, E 
Miles Atkinson (b^ m\ Ration) , Discus- 
sion, Marsin F Jones, JET Kmc: 
II General discussion II Executn e session 

Dlclmber 17 — Orthopedic Surgery Reading 
of the minutes H Papers of the e% eninir — 


a] The relationship of orthopedic sur- 
gen to internal medicine, Harold 1 
Hwmn (25 minutes), b] Subluxation of 
the cer\ ical \ ertebrae, Barbara B Stim- 
son (30 minutes) , c] Discussion, Alan 
DeForest Smith, Paul Snenson (b\ in- 
Mtition), d] Resume of eight\ operatiie 
cases of internal derangement of the 
knee joint, lunited to damage to the 
semilunar cartilages, AVilliam Hadden 
Irish (25 minutes) , e] Demonstration 
of a correcting spinal brace, John B 
B\rne (15 minutes) V Discussion 

Dicemuer 20 — Ophthalmology Instructional 
hour — Diagnostic \alue of the fundus, 
Ernest F Krug H Slit lamp demonstr 1 - 
tion, Milton L Berliner, Girolamo Bon- 
iccolto, Gordon M Bruce IT Reading of 
the minutes H Survev of eve clinics, 
N "i Citj, Robert R M JIcLaughlm 
H Presentation of eases — a] Etiolog\ 
and treatment of keratoconus, Arthur 
A Knapp, b] Contrast media in orbital 
roentgenograpln, Murrav A Last 
II Paper of the eiening — Lnnph spaces 
and hmphatics in and about the orbit, 
Oscar V Batson (bi imitation) 

December 21 — Medicine Reading of the 
minutes I Papers of the e\enmg — a] The 
nature and treatment of heart failure, 
Paul D At bite, Boston (b\ inMtation) 
Discussion, Levis Fox Frissell, Henrv S 
Patterson, Harold J Stevart, b] The 
laliie of the precordial electrocardio- 
gram in coronari arterv disease, Francis 
Clark AAMod, Philadelphia (b\ inMta- 
tion) Discussion, Arthur M Alaster 
II General discussion 

Deccmker 28 — Obstetrics and Gynecology 
Presentation of cases — a] Tuberculous 
pvonephrosis complicating pregnanci 
Nephreetoma, Norman Pleshette (In 
invitation), Discussion, Seimour F 
AA ilhelm b] Postpartum hemorrhage 
V itli uterine atom Hi sterectomi , H am 
Schneider (bi imitation). Discussion, 
Harbeck Halsted H Papers of the e\e- 
ning — a] The comparatne \alue of pel- 
1 loradiograpln and clinical pehimetri 
in the course and progress of labor. 
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Samuel J Scaclron, Emanuel Rappaport 
(b\ in\ Ration) , Discussion, William E 
Caldwell, Howard C Molo\ (b\ imita- 
tion), K\le B Steele (bj imitation), 
Claude E Heaton, b] IMaternal intra- 
cranial beinorrhage complicating labor 
(with a report of three cases), H Leo 
^loskowitz (b\ inMtation), Discussion, 
Emanuel D Friedman 

AFFILIATED SOCIETIES 

Decembeii 15 — IVeru York Section of the 
Society for E'lpcrimental Bioloqi/ and 
Medicine Red cell and reticuloc%te 
counts in gainei pigs foBoninsc exposure 
to low pressures, Albert S Gordon, 
illiani Kleinberg (introduced b% Harr\ 
V Cliaripper) H Sensitization and an- 
tlbod^ formation after the iniection of 
tubercle bacilli, Jules Freund, J Casals 
(b\ invitation), Elizabeth Page Hosmer 
(bv invitation) H Direct effect of adren- 
al cortical hormone on blood pressure 
in shock induced bv intestinal manipu- 
lation, W W Swingle, W Parkins 
(b\ invitation), A R Tavlor (bv invi- 
tation), H W Havs (bv invitation) 

U Relation of carrier state to pneumococ- 
tal peritonitis in voung children with 
the nephrotic svmdrome, C M JIacI cod, 
L E Farr (introduced bv O F \verv) 

*1 \ simple, inexpensive method foi con- 
centrating serum under sterile condi- 
tions, William Thalhimer U Expei imen- 



til exchange transfusions for 
azotemia and tlie experimental ibe c 
an artificial kidnev for that purjvK 
■\\illiam Thalhimer t Ihe action c"' 
parasvmpathomimetic drugs on svnp 
thetic svnapses, Vniedeo S Marram (l 
trodiiced bv I Greenvvald) 

Deceviiier 20 — Kero York Rocntqen Son^it 
Presentation of interesting cases spj 
pers of the ev enmg— a] 1 lie apphcalioa 
of the lamin igraph to bodv section ra 
diographv, Sherwood Moore, St loia 
b] Cine-roentgenographv, Maurice Loai, 
Van de Maele, Brussels, Belgium, Pre, 
entation bv M illiam H Stewart ^Ev 
ecutne session 

DECEvtBER 23 — A'cn, York Patliolomcal Son’ 
iy in affiliation r^ith The yerc lori 
.Academy of Medicine Case reports— 
a] Generalized arteriosclerosis with hv 
pertrophv of the media and atvpicsl 
hv aline degeneration affectinsr the m 
tima media and adventitia, Chirle>T 
Olcott b] Epidermoid carcinoma of the 
breast, N Chandler Foot li Papers of 
the evening — a] Studies on experimental 
hv-pertension, Charles G Child (hv invi 
tation) b] A studv of nnocardial hv 
pertrophv of uncertain etiolocv m con 
gestive heart failure Particular refer 
ence to the role of antecedent hvpcdcn 
Sion, Bernard I Kaplan (bv invitation), 
Eugene Clark, Clarence E de la Clnp- 
elle *i Executiv e session 


THE JOSEPH COLLJNS LECTURES 


The first and second lectures were deliv- 
ered at the Academv on December 2 and 
December S, 1937, at S 30 o clock bv Dr 
Charles R Stockard, Professor of Anatomv, 
Cornell E niv ersitv Medical College, on the 
general subject, “The Interactions of the 
Endocrine and the Nerv ous Sv stems ” V Lec- 
ture No 1, Thursdav evening, December 2, 


“I he Mechanism Operating the Bodv as an 
Intecrated Unit ” (This lecture also consti 
tuted the Anniv ersarv Discourse of the Vend 
emv) ^Lecture No 2, EVednesdav evemni 
December S, “Endocrine Changes and Modi 
fications in Function and Behavior” Phvsi 
Clans and the public were invited to attend 
the Lectures 
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THE NATURE OF GLOMERULONEPHRITIS* 

George Baehr 

Associate in Pathology and Attending Ph\sician The Mount Smai Hospital 


HAS become necessary to redefine glomerulonephritis, 
for old misconceptions have been revived m several recent 
pathological and chnical pubhcaaons so that the subject 
IS again in danger of bemg enveloped m the confusion 
which existed up to twenty-five years ago The fault hes 
\vith some of our pathologists who lay undue weight upon cellular mor- 
phology and too little upon the whole picture of the disease They 
exaggerate the significance of nonspecific cellular changes commonly 
seen postmortem in some of the renal glomeruh and regard them as lesser 
degrees of glomerulonephritis This misinterpretation of a common post- 
mortem findmg IS analogous to the chnical error of diagnosing glomerulo- 
nephritis merely because of the presence of albumin and casts or of red 
blood cells in the urme 

By fixing kidneys in Helly’s or Zenker’s fluid and stammg v ith the 
Mallory-Heidenhain azocarmine method, BelP has demonstrated a minor 
.degree of swelling of glomerular endothehum m many kidneys It occurs 
at death in a variety of infections as well as in nomnfectious diseases and, 
except in rare mstances, is not associated with chmcal manifestations of 
glomerulonephritis during life Without clmical justification, he chooses 
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to call these glomerular changes “siibclmical glomeruhtis” and secs 
“transitions between this subchmcal glomeruhtis and acute glomerulo- 
nephritis ” (Fig I A) 

In other words, Bell conceives of glomerulonephritis as merely the 
advanced stage of glomerular changes m Inch occur very commonh at 
death in varying diseases in which acute glomerulonephritis almost never 
occurs Thus, he finds it in 41 per cent of cases of acute rheumatic endo- 
cardiDs, a disease in Avhich true glomerulonephritis is peculiarly rarc- 
In subacute bacteiial endocarditis, he finds it in 79 per cent of the cases, 
although the absence of acute glomeiulonephritis is a peculiar character- 
istic of the bacterial stage of this disease m contrast to bacteria-free cases ^ 
Bell also describes it in 52 4 per cent of patients dymg of puerperal sepsis, 
in 39 7 per cent of cases of pulmonary tuberculosis, in 50 per cent of 
lobar pneumonias and in 37 5 per cent of a miscellaneous variety of 
infections such as typhoid fever, septicemia, appendicitis, meningitis, 
diphtheria He finds it in primary arterial hypertension, old healed 
valvular heart disease, pernicious anemia (four out of seven cases), car- 
cinoma, subacute yellow atrophy of the liver True chmeal glomerulo- 
nephritis IS observed so rarely during the course of these diseases that its 
occurrence may be regarded as an accidental coincidence There is 
therefore no reason to believe that these very common minor glomerular 
changes bear any relationship to glomerulonephritis 

The unacceptable premise that these common glomerular alterations 
are a less intense variety of acute glomerulonephritis, leads Bell to an 
erroneous conclusion, “that acute glomerulonephritis is not a sharply 
circumscribed entity ” It is the purpose of this paper to review some 
chmeal and pathological experiences which demonstrate 

( 1 ) that acute glomerulonephritis (acute Bright’s disease) is a sharply 
circumscribed entity, 

(2) that It IS part of a disease of the body as a whole, 

(3) that Its clinical manifestations can be related to characteristic 
pathological phenomena m various parts of the body, 

(4) that the disease has a specific etiology and pathogenesis 

The Acute Onset —It is often insufficiently appreciated that acute 
diffuse glomerulonephritis always has an extraordinarily sudden onset 
The disease actually begins with explosive suddenness The glomeruli 
seem to be damaged simultaneously In patients who die within a few 
weeks after the onset, all the glomerular lesions are in the identical stage 
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Fig 1 A, B, C, D 


\ GloineruHr changes in icute tncternl 
(pneumococcus) endocarditis (Bell’s glo- 
merulitis) A common postmortem finding 
m mani diseases, infectious, as ell is non- 
infectious Lesion in this case is probabh 
due to direct action of bacteria or their 
toxins Endothelial swelhng of glomerular 
capillaries resembles glomerulonephritis, but 
the glomerular capillaries contain blood, the 
swelling affects onh some of the glomeruli 
and the process is pathogeneticalh and clin- 
ically unrelated to true glomerulonephritis 
B Ti’pical glomerular lesion m acute 
diffuse glomerulonephritis Sw ellmg and pro- 
liferation of glomerular endothelium, oblit- 
eration of Bowmans capsular space bx 
maximum glomerular sw ellmg, bloodless 


1 ipillan loops, beginning necrosis of loops 
Ihe process has affected all glomeruli 
throughout the kidnex simultaneously 

C Fresh embolic glomerular lesion m 
subacute bacterial (Streptococcus viridans) 
endocarditis The unaffected glomerular cap- 
illaries are normal anatomicalh and func- 
tionallx 

D Old healed embolic glomerular lesion 
in subacute bacterial endocarditis Onl\ 
healed embolic lesions are found m cases 
which haxe become bacteria-free In actne 
cases with positixe blood cultures and bac- 
terial colonies m the xegetations, all stages 
of the process are usuallv to be seen from 
freshh embolized Ipops to completelv healed 
lesions 
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of development, although perhaps of varying severit}* (Fig i B) 

This IS m sharp contrast Math focal glomeruloneplirms or the embolic 
glomerular lesions of subacute bacterial endocarditis (Loehlein^, Baehr^) 
Embolic glomerular lesions recur m repeated shoM ers over a period of 
months or even years In pauents who die durmg the bacterial stage of 
subacute bacterial endocarditis, all stages of glomerular damage can be 
recognized from the fresh necrosis of glomerular loops, embolized Mithin 
a few days, to old completely organized glomerular segments (Fig i C 
and D) Even in massive glomerular embolizations, many normal glo- 
meruli can sail be seen as well as normal portions of affected glomeruli 
For this reason, the embohc glomerular lesions of subacute bacterial 
endocarditis, unlike acute diffuse glomerulonephritis, rarely, if e\er, 
cause disturbances in renal function and are therefore of little clinical 
significance® 

In a condioon which I have called bemgn hemorrhagic nephritis^ 
renal damage induced by remote foci-of chronic infection such as dis- 
eased tonsils, results either in persistent or recurring hematuria The 
nature of the lesion is unknovTi because the patients do not die of their 
renal disease The bilateral hematuria is probably due to repeated rupture 
of damaged glomerular capillaries Although the hematuria may persist 
for months, the circulation through the glomerular capillaries remains 
unimpaired, for the condition never gives rise to hypertension, edema 
or to disturbances in renal function 

A Disease of the Body as a Whole — Climcally as v ell as pathologi- 
cally, acute glomerulonepluritis is part of a diffuse systemic disturbance 
which affects the capillaries and finer ramifications of the vascular appa- 
ratus of the entire body Acute Bright’s disease can be suspected clinically 
if albumin, casts and red blood cells appear suddenly in a previously 
normal urine durmg recovery from a streptococcus infection An early 
diagnosis can only be made positively, if in addition to the urinarv find- 
ings there are clinical evidences of extrarenal vascular damage such as 
arterial hypertension, transient edema of the eyelids, face or body or 
clinical evidences of vascular disturbances in the skin, the brain, the 
ocular fundus or the myocardium 

Disturbances of the myocardium may occur with the very onset of 
the disease and are common durmg the first weeks There is often tachy- 
cardia Narrhythmias, precordial discomfort The electrocardiogram is apt 
to shoA\var>nng transient abnormalities from day to day, including T 



Fig 2 A, B, C, D 


A Subacute diffuse glomerulonephritis 
m a bactena-free case of subacute bicterial 
endocarditis Blood cultures m ere negatii e 
and no bacterial colonies iiere to be found 
in the segetations All glomeruli Mere in the 
same stage of the process Death Mas due to 
renal insufRcienct 

B Arterial lesion m the miocardium in 
patient d\mg of acute diffuse glomerulone- 
phritis Necrosis of a portion of the Mall 


occlusion of part of the lumen Mith platelet 
thrombus undergoing organization 

C Arterial lesions in the Iner in acute 
diffuse glomerulonephritis Necrosis of the 
Mall of some arterioles and small arteries 
Mitli complete occlusion of the lumen 

D Complete necrosis of the Mall of a 
blood \essel in the adrenal in a case of 
acute diffuse glomerulonephritis 
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wave inversions indicative of serious myocardial damage (Master®) 
(Fig 2 B) If the myocaidial damage is severe, intense dyspnea and cya- 
nosis may dominate the clinical picture of the first few M^eks The venous 
pressure rises and there are physical signs of acute passive congestion in 
the lungs and liver At times congestu e heart failure may end in death 
within the first wxek or two after the onset, before the renal damase has 
resulted in a significant degree of azotemia 

Cardiac disturbances of this seventy are due to vascular injuries 
affecting capillaries and arterioles of the myocardium There is often 
interstitial edema, but morphological changes in the endothelium of the 
interstitial capillaries maj’' be difficult to demonstrate If the cardiac | 
damage has been sufficiently severe, lesions of small branches of the 
coronary arteries can be found microscopically (Fig 2 B) These lesions 
may consist of necrosis of arterial walls, infiltrations of the media and 
adventitia Muth inflammatory cells, proliferative and desquamative lesions 
of the intima and obliteration of the lumen by thrombi (Fig 2 B) 
The vessel lesions are probably the result of acute damage and occlusion 
of capillaries and vasa-vasorum in the m alls of the affected arteries 

Similar arterial lesions may be found m the liver, the brain or in any 
of the viscera (Fig 2 C and D) Cerebral disturbances which sometimes 
characterize the first wrecks of the disease may be due, at least in part, to 
such vascular injury Patients who recover from a severe attack of acute 
glomerulonephritis may suffer in after years from the late results of the 
extrarenal vascular lesions 

The Stginficaiice of the Renal Damage —In many paaents \vho suc- 
cumb to acute glomerulonephritis it is often difficult to demonstrate mor- 
phologic changes in the w alls of capillaiies of other organs than the kidney 
although clinical evidences of disturbances in capillar3>' function pre\i- 
ously existed In the kidney, the peculiar arrangement of the capillaries 
of the glomeruli predisposes this organ to more profound and permanent 
damage Swelling of the endothelium of the glomerulai capillaries is 
much more important anatomically and functionally than is sw'^ellmg of 
capillary endothelium m other organs and tissues of the body Tlic 
Bowman’s capsule wffiich envelops each glomerulus can stretch leri’’ 
little For this reason sw^elhng and proliferation of glomerular endothelial 
cel\s results in complete obliteration of the capillary lumen, so that the 
glomeruli become bloodless Glomerular function and therefore renal 
function IS promptly disturbed, for the glomeruli are the essential excre- 
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tor] units The bloodless condition of glomerular tufts soon results in 
necrosis of portions of various glomeruli and this destruction is apt to 
be permanent 

Since ReicheP and Loehlein^®, pathologists, have emphasized the sig- 
nificant fact that every glomerulus is more or less mimlved, some severely 
or perhaps totally destroyed, others less severely affected so that some 
measure of anatomical and physiological recovery is possible The term 
acute diffuse glomerulonephritis was chosen in order that the generalized 
nature of the process should not be forgotten 

Almost the entire circulation of the kidney must pass through the 
glomeruli before it enters a secondary system of capillaries which nour- 
ishes the delicate tubules (Peter”) The inability of much of the blood 
to pass the obstructions in the glomeruli results in damage to the tubules 
Although the tubules have a great capacity to regenerate (ThoreP-), 
they cannot do this very successfully as long as they receive an inade- 
quate blood supply Therefore cellular destruction of the regenerating 
tubules conanues for some time, even for many months, while the circu- 
lation through the glomerular tufts slowly becomes re-established 
This results m the daily loss of great quantities of albumin, casts and 
cellular detritus Pauents who have survived the acute attack may sub- 
sequently develop marked hypoproteinemia and general anasarca due to 
the prolonged loss of albumin (Epstein”) 

Tu'^enty-five years ago there was much discussion concerning a rarer 
disease of the kidney, a pure tubular damage, for which Friedrich 
Muller” had advocated the term nephrosis In this condition, prolonged 
loss of albumin in the urine also results in hypoproteinemia and anasarca 
The clinical picture is therefore identical with that of the subacute stage 
of Bright’s disease e\cept that there is no histor)’’ of an acute onset fol- 
low ing scarlet fever or other streptococcus mfection, no hypertension 
or history of hypertension at the onset and no red blood cells in the 
urine Unfortunately, any or all of these characteristic symptoms may 
be absent in the waterlogged stage of subacute glomerulonephritis and 
the differential diagnosis from nephrosis is then difficult 

Popular interest m this rare disease ivas responsible tw entv’’ years ago 
for the fact that it became confused in the minds of physicians w ith that 
common clinical syndrome wTich had been described so u ell by Bright 
in 1827 Under the influence of V olhard^'* the well know n clinical picture 
of the w aterlogged patient wnth subacute Bright’s disease has been re- 
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named, quite unnecessarily, the nephrotic stage of glomerulonephritis 
The term is merely a s}monym for Delafield’s chronic parenchymatous 
nephritis, which is the parenchymatous stage of chronic glomerulo- 
nephritis 

The Fmal Hypei tensive Swgc —Patients who have had glomerulo- 
nephritis have suffered a severe and permanent damage to the kidney 
Even though recovery may seem to have been complete so that for years 
no albumin or only a trace persists in the urine, the kidney remains sus- 
ceptible to toxic damage Pregnancy or an intercurrent infectious dis- 
ease may precipitate a recurrence of marked albuminuria, edema and 
hypertension Often arterial hypertension develops insidiously Later 
there may appear a tendency to fixation of specific gravity or a reduction 
in urea clearance as evidence of progressive contraction of the kidneys 
Ultimately, the nitrogenous constituents of the blood may begin to 
mount until the patient finally succumbs to the increasing azotemia 

The terminal picture of cluronic Bright’s disease is clinically indis- 
tinguishable from the terminal picture of primary hypertensive renal 
disease In both, a long standing hypertension terminates in azotemia 
(dry uremia) due to progressive renal insufficiency This clinical simi- 
larity m the termination of two diseases, so dissimilar in primary etiologv 
and in their early stages, has been, and still is, a source of much confusion 
The explanation is to be found in a study of the progressive changes in 
the arterial supply of the kidneys in both conditions and its influence 
in slowly reducing the remaining renal parenchyma (Baehr and Ritter'®) 

In both diseases progressive vascular changes are characteristic of the 
later stage (Fig 3) Numerous arterioles become thickened and sclerosed 
and the lumen of many of them becomes progressively narrovTr until 
completely occluded The resultmg ischemia affects many small areas 
of renal parenchyma so that they gradually become atrophic and 
sclerosed Between these many sclerotic contracting areas, alternate 
areas of still functioning renal tissue carry on urinary excretion until the 
disease has finally progressed so far that insufficient functioning tissue 
1 emains 

In primary hypertensive renal disease, the fine vascular occlusions are 
scattered uniformly throughout the kidney, so that it gradually becomes 
contracted into a finely granular organ In this primary contracted kidney 
of essential hypertension, the vascular disease develops in a previoush 
normal organ In the secondary contracted kidney of chronic Bright’s 




Fig 3 — The kidne\ in clironic thfFuse glomerulonephritis Arterial tree 
injected with a barium gelatin mixture and then \-ra\ed Note the 
marked reduction in lascularita due to progressne closure of arterioles 
and small arteries throughout the organ Ihe resulting progressne 
ischemic sclerosis of the renal parenclmna m chronic diffuse glomerulo- 
nephritis IS identical in its effect with tint of priman lascular disease 
of the kidnes, the arteriolar nephrosclerosis of essential hipertension 


disease, the areas of functioning parenchyma bervveen the numerous 
islands of ischemic sclerosis are already diseased and therefore function 
imperfectly Renal insufficiency and death in uremia will therefore 
occur m chronic Bright’s disease long before a degree of renal contrac- 
uon has been reached which is comparable to that of the primarv'’ 
contracted kidney For this reason, the secondary contracted kidney at 
autopsy is a somewhat larger organ than the primary contracted kidnev 
In both, however, the cause of the contraction is idenucal, the slowly 
progressive reduction in functioning renal parenchyma due to the vascu- 
lar disease There are some cases of chronic glomerulonephritis in which 
the atrophy is the result chiefly of the inflammation and secondary’- 









cicatrization without significant vascular alterations 

Fathogenesis —Glomerular lesions resembling human glomerulo- 
nephritis v^ere produced experimentally m 1913 by Baehr^' and b\ 
Christian and O’Hare^® by the mtravenous mjecnon of uranium mtrate 
These lesions v ere the direct result of the injected toxin upon the endo- 
thelium of the glomerular capillaries The experiments threv no light 
upon the mechanism of Bright’s disease for the following reasons 

Acute diffuse glomerulonephritis is almost invariably a sequel of some 
streptococcus infection such as scarlet fever, but it does not occur during 
the active period of the disease vhen the organisms or their bacterial 
toxins are reaching the kidneys in greatest concentration Eschench and 
Schick emphasized in 1912 that glomerulonephritis most commonly 
occurs during the second week after recovery This important obsen’a- 
tion has received renev’^ed emphasis during recent years as a result of the 
work of Lyttle-® By means of Addis counts on the urme of scarlet fever 
patients, he demonstrated that most of them shov’^ a sudden explosne 
outpouring of albumin, casts or red blood cells some time during the 
second week of convalescence, most commonly betv^een the nineteenth 
and twenty-second day after the onset of the disease 

To explain this time relationship, Eschench and Schick, and later 
Friedemann and Deicher-^, advanced the hypothesis that glomerulo- 
nephritis IS an allergic reaction to the infecting organism Recently, 
Longcope"" demonstrated the presence of a high titer of streptolysins in 
the blood of patients suffering from postscarlatinal nephritis However, 
a high titer of streptolysins is also frequently found in patients with rheu- 
matic fever, a disease vdiich is no longer thought to be due to allerg^'^ to 
the streptococcus The hypothesis that glomerulonephritis is a local tissue 
reaction to a stage of bacterial allergy'- is still theoretical and as yet devoid 
of conclusive experimental support 

The nearest approach to experimental evidence is the recent work of 
Lukens and Longcope-^ They'" have been able to reproduce glomerular 
lesions which resembled glomerulonephritis by the intra-arterial injection 
of streptococcus vaccine mto rabbits which had previously'^ been “sensi- 
tized” by intradermal injections of living streptococci The presence of 
skin reaction to filtrates of hemolytic streptococci provided some evi- 
dence in Longcope’s interesting experiments that the previous mtra- 
dermal injections of living streptococci had actually'- “sensitized” his 
rabbits in the allergic sense However, the pathological process involved 
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m glomerulonephritis is not a recognized characteristic of the knoivn 
states of bacterial allergy 

The work of Adasugi*^ supplies still another possibihty for specula- 
tion concermng the pathogenesis of glomerulonephritis By means of the 
mtravenous injection of heteronephroto\ic serum mto laboratory animals, 
Masugi and more recently Smadel and Farr*^ have experimentally repro- 
duced glomerulonephritis and even the chronic stages of Bright’s disease 
An hypothesis might therefore be proposed that products of cellular 
destruction caused by damage to the renal parenchyma durmg scarlet 
fever might act antigenically during convalescence and give rise to 
specific nephrotoxic substances Such a theory is hardly plausible for 
destruction of renal parenchyma by diseases other than streptococcal 
infections does not give rise to glomerulonephritis Moreover, strepto- 
coccal infections themselves, no matter how prolonged, do not cause 
glomerulonephritis unless the streptococci are killed off and the patient 
recovers from the infection 

This IS best illustrated by our observaaons on streptococcemia and 
streptococcus endocarditis-® Among fifty-three consecutive patients 
with Streptococcus hemolyticus bacteriemia which came to autopsy, no 
instance of acute diffuse glomerulonephritis was found Among ninety 
patients with subacute bacterial endocardms in which the Streptococcus 
viridans was constantly demonstrable in the blood for months throughout 
the course of the disease, only one instance of acute glomerulonephnns 
was found postmortem 

In striking contrast to the negative findmgs m 143 cases of persistent 
streptococcemia is our experience with patients who recovered from a 
streptococcus infection Among fifty-seven patients with subacute 
bacterial endocarditis who had killed off their bacteria and who died 
subsequently m the bacteria-free stage of the disease, diffuse glomerulo- 
nephritis occurred and was responsible for a uremic death m mneteen 
patients, an incidence of 33 3 per cent (Fig 2 A) One died of acute 
glomerulonephritis, the other eighteen succumbed m the subacute or 
chrome stage of typical glomerulonephritis 

From these experiences, we can conclude that acute Bright’s disease 
cannot be due to the direct damaging effect of streptococci or their 
toxins upon the kidney Nor can it be caused by the mere lulhng off of 
streptococci, for this must be takmg place constantly in patients tvith 
prolonged streptococcemias It is evident that the sudden explosive occur- 
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rence of acute diffuse glomerulonephritis is a specific reacaon, concerned 
in some still unkno^vn manner with the mechanism of recovery from 
streptococcal infections 
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CLINICAL ASPECTS OF NEPHRITIS* 
Robert F Loeb 

Professor of Medicine College of Phjsicians and Surgeons 


TERM nephrias embraces a number of morbid states 
with widely diversified etiological, pathological and 
clmical characteristics An attempt to discuss the chnical 
aspects of various types of Bright’s disease this evemng 
would be futile Likewise, a discussion of the symptoma- 
tology of one or more forms of nephritis could serve no constructive 
purpose Consequently, I have elected to hmit myself to the consideration 
of certam problems concerning that entity commonly known as 
glomerulonephritis 

All recent studies indicate that there is, as a rule, a close relationship 
benveen infection of the upper respiratory tract and the onset of acute 
glomerulonephritis In recent and carefully controlled studies m which 
bacteriological and immunological observations have been made, the 
onset of acute glomerulonephritis has, m the vast majority of mstances, 
been found to be associated with evidence of infecuon by the hemolytic 
streptococcus (Group A of Lancefield) Thus, Seegal and his coworkers 
found that the antistreptolysm titer of the blood was significantly in- 
creased m seventy-six of eighty consecutive patients sufFermg from acute 
glomerulonephritis, and in most of the cases it reached amazingly high 
levels Longcope reported the presence of infection with the hemolytic 
streptococcus m 95 per cent of his patients 

In other mstances, it now seems certam that acute glomerulonephrms 
develops secondary to infections due to agents other than the hemolytic 
streptococcus A number of cases of acute nephrius have been reported 
followmg pneumococcal pneumoma In most of these, secondary strep- 
tococcal mfection has not been ehmmated as a possible cause, but Seegal 
has recently followed two cases of postpneumomc nephritis in which 
there was no evidence of secondary streptoccal infection as determined 
by repeated antistreptolysin measurements In bacterial endocarditis due 
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to the streptoccus vindans also, glomerulonephritis not infrcquentl\ 
develops and is superimposed upon embolic nephritis u ithout bacterio- 
logical or immunological evidence of im asion by the hemolytic strepto- 
coccus It seems probable that in rare instances, acute glomerulonephritis 
may be initiated by still other organisms and that these need not neces- 
sarily gain entry to the body through the respirator^’’ tract 

The role of infection in the eaology of chrome glomerulonephritis 
IS fai less clear than in the acute form of the disease, although exacerba- 
tions of chionic nephritis accompany or follow intercurrent infection 
XV ith the streptococcus hemolyticus xvuth striking regulantx’’ In contrast 
xvTth acute glomerulonephritis which usually develops ten to tvventv 
days following an acute infection, chronic nephritis usually develops so 
insidiously that its onset is, as a rule, unrecognized It seems certain that 
many cases of chronic nephritis begin as acute glomerular nephritis but 
the actual per cent is difficult to determine as it is often impossible to 
differentiate betw een the onset of acute nephritis and the exacerbation 
of an apparently quiescent chronic process In Longcope’s senes about 
40 per cent of the patients wuth acute nephrms developed active and 
progressive chionic nephritis On the other hand, L>’ttlc, in studying 
children, in w horn the outlook is admittedly favorable, has found that 
less than 5 per cent develop the chronic form of the disease 

In addition to the fact that chronic nephritis usually dev elops vv ithout 
definite relation to 1 preceding acute infection, there are also immuno- 
logical differences between this and the acute form of the disease 
^Miereas the antistreptolv’^sm titei of the blood may increase in chronic 
nephritis associated vv ith streptococcal infection it rarely reaches the 
high lev els seen in acute nephritis The significance of this difference in 
the immune response in the acute and chronic forms of the discisc 
remains to be determined 

Mechamsm of Gloyuendonephritis —While, the relauonship of hemo- 
lytic streptococcal infection to the onset of nephritis, at least in the acute 
form, IS recognized, this knowledge has not as yet materially advanced 
our undersnndins of the mechanisms inv olved in the genesis of the 
disease The fact that the onset of acute nephritis does not accompany 
but rather follow s an acute infection offers ev idence against the idea that 
the disease results fiom diiect and immediate damage of the kidneys by 
bacteria or bacterial products In 1912, Eschench and Schick expounded 
the idea th at acute nephritis w as not caused by acute infection but by 
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the immune reactions resulting from it This concept may offer a saas- 
hctory explanation for the latent period which elapses between the 
onset of infection and the onset of nephritis 

There have been many futile attempts to produce a disease in animals 
which shares the characteristics of glomerulonephritis in man How ever, 
one line of approach, begun in 1900 b)”^ Lmdemann and by Pierce in 
1904 and elaborated by Masugi in 1929 and by Smadel and Farr since 
that time, has yielded interesting and important results The general 
technique employed by these investigators is based upon the principle 
of the development of organ-specific antisera If an emulsion of normal 
rat kidney is repeatedly injected into the peritoneum of a rabbit, a rabbit 
anti-rat kidney serum is produced If one, two or three doses of this 
serum are injected intravenously into rats, acute nephritis develops This 
disease may heal completely or it may go on to a chronic form associated 
wnth persistent and progressive albuminuria, cylmdruria, edema, hyper- 
tension, anemia, nitrogen retention and a fatal decrease in renal function 
The renal lesions bear a close resemblance to chrome glomerulonephritis 
in man 

The most significant feature of these studies is that they demonstrate 
the possibility of iniuating chronic and progressive renal disease through 
the action of a single msult, in this case a dose of antikidney serum 
injected into a normal animal Of added interest is the recent and impor- 
tant observation of Farr and Smadel that the course of the nephritis 
induced by the injection of nephrotoxic serum can be influenced by the 
amount of protein in the diet If the diet of the rats contains only 5 per 
cent protein, the acute nephritis heals w ith great regularity in about three 
weeks If, on the other hand, the diet contains 40 per cent protein, the 
disease progresses and the animals all die of chronic nephritis 

It IS tempting to infer that a mechanism similar to that described in 
rats IS responsible for glomerulonephritis in man In order to extend the 
analogy, w^e must hypothecate that the hemolytic streptococcus or other 
bacteria produce somewhere in susceptible human beings nephrotoxic 
sera These may give rise to acute nephritis w^hich may or may not become 
chronic It is possible that in man, as in the rat, another factor such as 
that of protein ingestion may senx to make progressive the disease 
initiated by a nephrotoxic serum There is unfortunately, at the present 
time, no experimental evidence suggesting that nephrotoxic sera can be 
de\ eloped in response to the injection of bacterial products 
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This speculauve discussion has no pracucal apphcaaon, but it indicate 
the trend of present day thought in relaaon to the possible mechanism 
mi^olved in the producaon of glomerulonephritis However, the obser- 
vations on the deleterious effect of large amounts of protein in the diet 
are sufficiently strikmg to reopen the quesDon of the place of protein m 
the diet in human nephritis 

The diagnosis of acute glomerulonephritis m its characteristic form 
offers but httle difficulty When, however, albumm, casts and red blood 
cells appear in the urine in small but defimte quantities without extra- 
renal signs, either durmg or after an acute infection, the problem of 
diagnosis becomes difficult or even impossible A number of students of 
nephritis circumvent these diagnostic dilemmas by applying the term 
focal nephritis to these doubtful cases, but m the xxTiter’s opinion the 
introduction of another term does not clarify the issue If mild albumi- 
nuria, cylindruria and microscopic hematuria persist for more than one 
or two weeks, it seems probable that acute glomerulonephritis is present 
If the changes disappear in a shorter time, it is best to admit that the 
diagnosis is uncertam Mmute decreases in renal function as measured 
by the urea clearance test may result from disorders other than nephritis 
and do not alone simplify the diagnostic problem Frequently, often 
repeated urine examinations, a careful record of body weight u hich, in 
the absence of visible edema, may give evidence of water retention or 
diuresis and numerous blood pressure deterinmations may give transient 
but convincing evidence favoring the diagnosis of acute glomerulo- 
nephritis 

The difficulties besettmg the physician in estabhshmg a diagnosis of 
acute glomerulonephritis are emphasized by recent studies of urinai^' 
changes m acute rheumatic fever and m scarlet fever In the former, in 
at least 1 5 per cent of the patients xvith the active form of the disease, 
red blood cells and small amounts of albumm appear m the urme at some 
time and yet only about 3 per cent prove to have associated acute glo- 
merulonephritis at death In scarlet fever, Lyttle, applymg Addis’ quan- 
titative method for the determmation of protem, casts and cells m the 
urine, found consistently a moderate transient mcrease above the 
accepted limits of normal This occurred between eight and fort3'--five 
days after the onset of the attack of scarlet fever Lyttle found similar 
changes m the urine after other infections due to the streptococcus hemo- 
lyticus, but did not find them with any regularity after infection xvith 
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other organisms It seems unlikely that all patients suffermg from scarlet 
feier and other streptococcal infections develop acute glomerulone- 
phritis A'^^hether or not, however, the difference benveen this rmcro- 
nephritis or “renal irritation” and true acute glomerulonephritis is 
qualitative or quantitative cannot be settled at this time 

The differentiation between acute glomenilonephritis and the chionic 
foini of the disease is of great importance because of the difference in 
prognosis and therapeutic indications If urine examinations happen to 
have been made just prior to the onset of the attack, the problem is of 
course simple Without knowledge of the medical background of the 
patient, it is often difficult and occasionally impossible to tell whether 
the patient’s disease represents the beginning of acute nephritis or an 
acute exacerbation of chrome glomerulonephritis If the latent period 
betn^een acute infection and the appearance of renal disease is greater 
than ten days, it favors the diagnosis of acute nephritis because, in the 
chronic form of the disease, the flare-up usually occurs during the acute 
infection or shortly thereafter "When the signs of advanced and pro- 
tracted renal disease are present, the diagnosis of chronic nephrius is 
justifiable In the absence of these guides, diagnosis frequently has to be 
deferred untd the subsequent course has been observed 

Patients with acute glomerulonephritis either recover completely or 
their disease progresses to the chrome form or they die durmg the acute 
attack A fatal outcome occurs in less than 5 per cent of the cases In 
children, complete recovery occurs in about 90 per cent of hospitalized 
patients but m adults the prognosis is definitely less favorable However, 
It IS difficult to determine the actual mcidence of recover}'" because, as 
has been stated, an apparent acute nephritis may in reality represent an 
exacerbation of the chronic form of the disease, hitherto unrecognized 
Furthermore, many patients with mild acute nephritis undoubtedly 
recoi er without ever coming to the attention of a physician and are 
consequently not included in statistical studies Finally, m a number of 
mild cases, it is impossible to be certain that nephritis is present Be that 
as It may, estimates of the frequency of recovery in adults varv'" from 
about 15 to 70 per cent 

It IS impossible to predict the outcome of acute glomerulonepliritis 
early in its course Howeyer, m those instances in u'hich the constitu- 
tional s}'^mptoms of the precedmg infection haye been severe, it appears 
to be particular!}'" good Furthermore, complete recot en'" occurs rapidly 
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in many pauents even though they present alarming e\trarenal mani- 
festaoons early in the course of the disease, Mdiereas chronic nephritis 
develops in others w ith an apparently benign form of the disease \\Ticn 
significant impairment of renal function persists for more than 3 or 
months, the outlook for complete recovery is almost invariably bad 
The durauon of the attack of acute glomerulonephritis varies enor- 
mously In a number of cases, even \\ hen the diagnosis appears established 
beyond doubt, complete recovery may occur m the course of a few 
days In other cases the disease may persist for more than a year and 
s till terminate favorably In these cases the e\trarenal manifestations of 
edema, hypertension and nitrogen retenuon disappear, as a rule, in the 
course of a feav^ M'-eeks and the persistence of the disease process is demon- 
strable b)7^ the urinary changes alone 

According to Longcope and others, the duration of an attack of acute 
nephritis and the tendency to chronicity are defimtely related to the 
persistence of infection by the hemolytic streptococcus Hov ever, Seegal 
and his couwkers find that in a numbei of patients, the disease progresses 
in the absence of persistent 01 recuirent bacteriological or immunological 
evidence of infecuon Furthermore, they have found that recovery may 
occur despite the persistence of definite infection 

Of great academic interest and also of great importance for the peace 
of mind of the patient is the fact that once completely recovered, 1 e , 
after the disappearance of albumin, red cells and casts from the urine, 
theie appears to be no danger of the development of chronic nephritis 
Thus, E N Loeb, Seegal, Lyttle and Jost have show n in a series of eight 
patients, that following reco\ ery from acute glomerulonephritis a second 
infection caused no return of nephritis In tliese patients, the infection 
preceding the onset of the attack of acute nephritis and the second 
infection occurring aftei complete recovery were pi oven bacteriolog- 
ically and by means of antistieptolysin determinations to be due to the 
streptococcus hemolyticus In tliree other patients, transient hematuria 
or albuminuria or both dei eloped n ith the second infection, but none 
of the ele\ en patients developed chronic glomerulonephritis 

I should like non to discuss a fen points in relation to the diagnosis 
of chronic glomerulonephiitis The diagnosis is, as a lule, easily estab- 
lished on the basis of the continued presence of albuminuria, cyhndruna 
and varying degrees of hematuria eithei v ith 01 vnthont the extrarenal 
manifestations of the disease At times, however, it presents a tr^ung 
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problem and the difficulties in distinguishing the acute and chrome forms 
of the disease have been mentioned The differentiation benveen chrome 
glomerulonephritis and arteriolar nephrosclerosis is sometimes impossible 
but IS of little importance except for academic reasons 

The differentiation between the nephrotic phase of chrome glo- 
merulonephritis and true nephrosis also offers difficulties and is of 
importance because in the latter complete recovery takes place in about 
50 per cent of the cases Both conditions have in common, massive albu- 
rrunuria, edema, decrease in the serum protem content u ith a tendency 
toward inversion of the albumin-globulin ratio, hpemia and often lower- 
ing of the basal metabohe rate The diagnosis of chrome nephrias 
becomes probable if, in addition to these signs, there be enlargement of 
the heart, marked hypertension, changes m the eyegrounds, significant 
impairment of renal function or numerous red blood cells in the urmary 
sediment The age of the patient also has significance since true nephrosis 
rarely occurs in adults The difficulties encountered in the diagnosis are 
exemplified by the follou mg case record A boy of fourteen developed 
headaches and edema about two weeks after a head cold On exammation, 
he had massive edema, and a blood pressure level u hich reached 160/ too 
His urine showed the presence of large amounts of albumin, many casts 
and occasional red cells His blood urea rose to 100 mg per 100 cc This 
patient was believed to have chrome glomerulonephritis of the nephrotic 
type He subsequently died from pneumococcus peritonitis and exami- 
nation postmortem demonstrated the presence of pure lipoid or true 
nephrosis 

The differentiation between latent glomerulonephritis and ortho- 
static albuminuria presents difficulties in adolescents in uffiom no signifi- 
cant disturbance of renal function can be determined bi^ the usual tests 
The ei idence favors an orthostatic process if the albuminuria disappears 
with bed rest but this is, however, not entirely conclusive, as the albu- 
mmuria in some cases of latent nephritis may dimimsh greatly with rest 
and increase with acm ity If hypertension or other extrarenal manifes- 
tations are present, the problem of diagnosis is simple In a number of 
cases, only prolonged observ^ation with repeated urme examinations will 
serve to clarify the diagnosis 

It must be borne m mind that the picture of advanced renal msuffi- 
ciency often results from kidney disease other than chronic nephritis 
In those cases in which the history is m doubt, and in tv^hich pyuria plays 
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a prominent part, if bouts of fever have been present or if the clinical 
picture IS in any v^ay unusual, it is essennal that x-ray examination and 
pyelography be employed 

Finally, it should be recognized that albuminuria, casts and red blood 
cells appear in the urine in cardiac decompensation, in jaundice and in 
severe febrile disease Thus, in cardiac insufficiency, in addition to the 
urinar)'’ changes described, the blood urea may reach o 70 gm per 1 or 
more, the blood urea clearance may be diminished and the phthalein 
excretion often falls to 30 per cent or even less Hence, it is often 
impossible to state whether chronic nephritis is or is not present and 
decision must be postponed in such patients unul cardiac compensation 
IS re-established If eyeground changes, fixation of the specific gravity 
of the urine, and marked hypertension accompany cardiac failure, it is 
probable that nephritis is also present 

l^ffiile the pi ognosts in patients with chronic glomerulonephritis is 
ultimately bad, the velocit)'- xinth which the disease reaches its fatal 
termination is extremely variable Except in the terminal stages, it is 
pracacally impossible to predict the probable life span of a patient on 
the basis of clinical obsen'^ations and laboratory studies, made at any one 
time Repeated observauons and studies of renal function made oi er a 
period of months or years are of far greater value insofar as they may 
reveal an approximate curve of the velocitv’" of progression of the disease 
Despite the most careful supervision, howe\'’er, prediction of die course 
of chronic glomerulonephritis is hazardous For example, a paaent may 
be observed during an acute exacerbation of the disease After some 
months, activity may subside and the patient may lead a normal and 
useful existence for many years before uremia develops Thus, m a 
patient seen at the Presbyterian Hospital with massive edema, hyper- 
tension, nitrogen retention, albuminuria and hematuria, the blood pressure 
nov , m^enty years later, is normal and only albuminuria and cylmdruria 
MTthout impairment of renal function persist In other cases of apparendy 
the same initial severity, the disease may progress to a fatal termination 
in a few months 

There are certain criteria, xvhich although not infallible, have real 
prognostic value A'^dien the disease is associated with lapidly progressing 
hypertension, vdien severe anemia develops abrupdy, when in the course 
of a feu months the power of concentration is lost and u hen activity 
of the disease as manifested by copious microscopic hematuria persists 


Chmcal Aspects of Nephutis 


73 


over a period of tliree to four months, the durauon of life is usually less 
than two years Furthermore, if decompensated renal function appears 
and the blood urea rises progressively to levels of perhaps i gram per 1 
the prognosis is equally grave The presence of papilledema, combined 
with hemorrhages and patches of exudate m the eyegrounds also usually 
indicates that the duration of life will be less than two years The same 
outlook may be anticipated v^hen the urea clearance falls below lo per 
cent of normal or when the phthalein excretion fails completely 

In order to temper the significance of these dogmauc statements, I 
should like to mention briefl)'- the record of one patient who broke all 
the accepted rules In this girl, after six years of active glomerulonephritis, 
the excretion of phthalein in two hours was nd, her blood urea was 
90 mg per 100 cc and her creatinme Avas 6 mg per 100 cc Despite this, 
the patient Avorked most of the time during the following six years and 
annual observations showed not only the persistence of markedly un- 
paired renal function but further accumulation of urea in the blood 
The patient finally died in uremia and the diagnosis was confirmed at 
autopsy Cases of this kind occur with sufficient frequency to AV^arrant 
extreme caution in offering a bad prognosis for the probable duration 
of life 

Before concluding, I should like to comment briefly on the ti eatment 
of chronic nephritis It must be recognized that, in the treatment of 
chronic glomerulonephritis, aa^c are dealing Avath the problem of therapy 
in a disease Avhich is incurable at the present time Hence, the physical 
comfort of the patient and, still more important, his peace of mmd, 
deserA^e first considerauon If this principle be kept m mind, the patient 
may be spared the distress and discomfort associated AAUth measures such 
as unnecessary dietary restricnon, excessive purging, SAveatmg and 
colonic therapy AA^hich are not only futile but Avhich may be actually 
harmful This apparent therapeuuc nihilism, I belieA’^e, m reality better 
serves to make the patient’s existence tolerable than does OA'^er-energeac 
treatment This point of AueAv does not imply that a purely laissez fane 
attitude should be adopted On the contrar)^ every effort should be made 
to introduce those measures AA'^hich may retard the progress of the disease 
and It IS essential that the patient be foreAA’’arned against those factors 
Avhich appear to accelerate it 

In the dietetic ti eatvient of chronic nephritis only questions of pro- 
tein, salt and fluid desert’^e consideration It is our impression that the 
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importance of protein restriction in some cases and of forced protein 
feeding m others has been over-emphasized in recent years In clironic 
nephritis, characterized by albummuria, cylindruria and some heniauina 
without edema or advanced renal insufficiency, there appears to be no 
reason for regulaang the amount of protein in the diet beyond sugaestino 
that the patient follow the adage of “moderation in all things ” In the 
presence of nitrogen retention, the amount of protein should be restricted 
because large amounts undoubtedly contribute to the retention of nitro- 
genous products In these patients, the amount of protein may perhaps 
ideally be reduced to 40 or 50 grams a day If, hoM ever, anorexia results 
m loss of M^eight and strength, it is far better to allow the patient to 
choose his foodstuffs without regard to theoretical consideration tlian to 
have him bum his own body protein and mciease his non-protein nitro- 
gen retention from that source 

AA^hen Epstein pointed out the importance of hypoproteinemia in the 
genesis of nephrotic edema twenty years ago, he logically introduced 
high protein feeding to compensate for protein lost in the urine We all 
employ this diet today m the treatment of the edematous chronic 
nephritic, but I think it is fair to say that we are almost always disap- 
pointed in Its effect upon the level of the serum proteins and amount of 
edema present Nevertheless, it seems rational to attempt to maintain 
nitrogen balance in these patients m order to prevent the further depletion 
of serum albumin This can usually be accomplished by the ingestion of 
about 100 to 120 grams of protem a day I sincerely doubt that diets 
much higher in their protem content accomplish more and, in addition, 
they are distasteful to the patient deprived of salt 

Our feelmg concerning the place of salt restriction can be expressed 
in a few words Sodium salts are essential for the formation of edema 
fluid Hence, m the presence of abnormal fluid retention, regardless of 
the reason for its appearance, rigid limitation of sodium must be enforced 
It IS our opinion that there is no other sound basis for salt restriction in 
the treatment of nephritis and that employment of this therapeimc 
measure in the absence of edema often accentuates anorexia, nausea and 
1 omiting 

In patients with chrome nephritis, considerauon of fluid ingestion 
IS important only under two conditions First, in the piesence of edema, 
the mtake of water should be restricted in accordance with the degree 
of retention, the acuteness of the symptoms and the presence of cardiac 
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insufficiency Second, with the advance of renal insufficiency, the fluid 
intake should be increased to compensate for the loss of the power of 
concentration If, however, the mtake of fluid exceeds that amount which 
can be eliminated by the renal units still capable of function, edema will 
appear 

The use of diuretics is contraindicated m patients with chrome 
nephritis exhibiting either hematuria, gross or microscopic, or significant 
impairment of renal function 

The importance of the close relationship between recurrent or per- 
sistent infection of the upper respirator}’- tract and exacerbaaons of 
chronic nephritis can not be over-emphasized Both the physician and 
the patient must look upon even a mild cold as a matter of concern and 
should treat the disorder iccordmgly Tonsillectomy, in my opimon, 
should be performed routinel}'- in patients with early nephritis and 
sinusitis merits rigorous attack When, hoivever, glomerulonephritis has 
progressed to the stage of advanced renal insufficiency, operative treat- 
ment of disease of the nose and throat has no place 

In conclusion, I should like to say that this brief sketch of certain 
aspects of glomerulonephritis in no way does justice to the scope of the 
title and I must add that I have considered only a few phases of the 
disease which seem to have parncular interest at the present time 
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CALCULOUS DISEASE IN THE URINARY TRACT 

The Fonnation of Stone 

Linwood D Ke\ser 

Surgeon, Ronnoke General Hospital, Roanoke, Virginia 


PSHSHSESHSHSEaHE PROCESS of stone formation m the urinar)’- tract haj 
a been one of the most elusive of medical problems Poor 
^ S to 1917, when Osborne, Mendel and Ferr}’- made the 
S chance obsertmtion that rats fed on a diet deficient in 
Q25E5HSE5S5HSa Vitamin A developed urinary calcuh, litde purposne 
effort at solvmg the problem had been made Through the ages, it is 
true, that man speculated with vagaries of the imaginauon conceminu 
V ater, the soil, uric acid and lime evcreuon as emologic factors Latterly 
with the development of the modern concept of bacterial infecnon, of 
urostasis, and of metabolic disorder, hypothetic consideration of the 
influence of these agencies has been championed by many clinicians 
Since 1920 a series of experimenters and clinicians have diligentl) 
approached the problem in the laboratory and at the bedside Y'hile 
the chemists and bacteriologists have been of help, it is interesting to 
note that many of our best contributions have come from the urologist 
himself who has at least mvesugated, stimulated, and acdvely helped his 
colleagues m the basic sciences 


MTiat do we know of lithiasis todays It shall be my purpose to 
correlate the pertment data which has aggregated in the last feu veins 
and to establish the thesis that stone may arise in several ways that it is 
an end result of several n’pes of colloidal crystalline aggreganon into 
a solid mass I shall attempt to show the grosser features of some of these 
processes and finally to pomt out how far we may attempt to control 
stone disease vnthin the limits of our present scientific knov ledge 


The Colloid— Crystalloid Precipitation Mechanism 
Crystalline Hyperexcretion as a Cause of Stone 

Stone arises when colloids and crystalline matter are simultaneousl) 
precipitated in the free urinary stream The colloidal gel enmeshes 
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agglutinated or fusing crystals and forms the organic framew ork around 
and withm which these crystals are laid down as building elements 
The process may be stimulated, first by the hyperexcrenon of excessive 
crystalline material through the kidneys beyond the power of the unne 
with a given pH, colloid and salt content to maintain solubility, second, 
by the entrance of foreign colloid into the urinarj'- stream Hypothetic- 
ally w^e must consider further the possibility of stone formation by the 
precipitanon of normal colloid from the state of a sol to that of a gel by 
factors w'-hich are as yet unknown 

The scientific establishment of the colloid crystalloid precipitaaon 
mechanism rests on the following facts 

1 Crystalloids, e g calcium oxalate, precipitated from colloidal solu- 
uons m vitro change from isolated noncoalescent crystals to those of 
fusmg stone forming type (Rainey, Ord, Shattock) (Fig i) 
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Fig 1 

A diagrammatic sketch of the serial relationship of 
noncoalescent and coalescent forms of oxamide and of 
calcium oxalate crj stals W M Ord m 1871 recognized 
the power of colloids in to modifj the morpbolog> 
of crjstalhne matter and traced the relationship of 
noncoalescent and coalescent \arieties of calcium oxalate 
as shown abo>e Later he showed with Shattock that 
the ccilescent forms constituted the structural units 
of calculi as seen microscopicalh 


2 Hyperexcretion of oxamide, of calcium oxalate and more recently 
of calcium carbonate, experimentally produced m animals, is asso- 
ciated wnth agglutination of crystals in an organic frameuork of 
colloid to form calculi This process takes place in the urinarv’ 
stream, is not confined to the papillae and does not seem to be related 
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Bilateral lithiasis in n rabbit fed ovninule diih for 
seventeen davs, larger masses he behind the free mar 
gin where the calices are attached to the renal paren 
chvma 
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Calcium oxalate stone*: in bladdtr Rc'-ult of inten'^e 
oxaliina produced bv injection of normal butvl oxalate 
and calcium chloride 
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Calcium carbonate «itone'' in kidnevs and ureter* cf 
rabbit Rc'^iilt of feeding 1 gm calcium carbonate ta 
2 kg rahlnt daih O'cr -1 months 
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Oxaniide crvstals as observed in urine under the i 
tluence of the urinar> colloids These crvstals ca 
assumed a morphology altogether different fro® ^ 
SMithetic form We can trace the evolution of 
through noncoalescent crosses crosses wath I'l 

lal spaces parth filled out squared forms and con 
cent spheroids 
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to lime salt impregnation of cells However, casts of agglutmated 
crystals are noted at times m the collecting tubules (Figs 2, 3, 4) 

3 Artificial concrements have been formed in vitro by precipitatmg 
fibrin and calcium phosphate simultaneously from the same soluuon 
(Schade) 

4 Oxamide fed to animals and excreted in the urine undergoes crystal- 
line change to a stone forming type by adsorbing colloid The process 
can be repeated in the test tube, where synthetic oxamide dissolved m 
urine on boiling and reprecipitated on cooling undergoes a change in 
morphology to spherular stone forming crystals (Figs 5, 6) 



riGT 

a — Cr%stais of pure o'cnrnide s>nthetiCT))> prepired 
X300 

b— Deposit obtained ^^Ilen s>nthetic oxamide is 
dissolved m boiling urine and allox>ed to precipitate 
On cooling The crystals are the dei eloping crosi. 
tjpe the\ are pigmented and show marked tendeiicx 
to fuse into small agglomerations This sediment 


C 

i« indi tini.iu h ible Irom that m the urine 01 rabbits 
ted on oxamide \300 

c — Oxainide crxbtals deposited i« *-tfro from unne 
n which the vMilhetic chemical was dissoKed bv 
hoihng 'jhowing the perfect smooth sphere and no 
teiidenci to fusion \200 


5 Experimental hyperexcretion of calcium oxalate and carbonate 
associated with calculus formation shows a similar crystalline mor- 
phologic change (Fig 7) The clinical type of stone which agrees in 
detail with hyperexcretion calculosis is that associated with hyper- 
parathyroidism High blood calcium and Io^\ phosphorus, a shift of 
excessive excretion of calcium from the alimentaix’" to the urinary 
tract, the occurrence of calcium phosphate casts and amorphous 
spheroidal crystals in the urine, the tendency to bilateral hthiasis, and 
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Fig 7 

Smill calcium oxalate calculi e^perlmentaII^ produced 
as in text crushed on slides to show cr>stalline cle 
ments in structures Note that the small fusing sphcr 
Olds constitute the structural units 


finally, the cessation of the stone-forming process w hen the hyper- 
parathyroidism IS corrected with restoration of a normal calcium 
phosphorus excretion, establish the fact that hyper excretion of cal- 
cium phosphate has been the cause of the stone formaaon 
The incidence of calculus m association with phosphaturia, oxaluria 
and uraturia m excessive amounts has not been definitely determmed 
We do knov’’ that stone is frequent in these diseases, but clinical 
reports as to the quantitative urinary’- excretion of the salts invoh ed 
are lackmg However, the impression remains that gouty indind- 
uals on excessive urate elimination frequently have ureteral colic 
Indeed, m a few instances of recurrent urate calculi, we have found 
the blood uric acid elevated It is therefore likely, but not estab- 
lished, let us emphasize, that excreuon of phosphate, oxalate and 
urate may progress quantitatively to the point of crystalhne precipi- 
tation at a given pH, colloid and salt concentration These ctystals 
are isolated units as a rule and pass with the urme How^ever, vhen 
the excretion exceeds a certam threshold level, cr\’'stalloid and colloid 
precipitation takes place simultaneously Muth concrement formaaon 
as a result 

6 Cystin and xanthm stones owe their origm to the entrance of 
foreign water insoluble crystallme matter mto the urmarv^ stream by 
reason of metabolic error Hence the mechanism of their formaaon 
appears to correspond essentially to that of die hyperexcretion type 
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7 .Fibrin calculi appear to be our only knomi example of stone resultmg 
from a foreign colloid (fibrinogen) being precipitated simultane- 
ously Mith lime salts The clinical cases parallel m some measure 
Schade’s test tube experiment, as in these stones fibrm and calcium 
salts are found precipitated together 
Again the probability exists, theoretically at least, that colloidal 
changes may take place in the urine with consequent loss of urinary 
solution ponder and precipitation of Ctystalhne matter which is bemg 
excreted m amounts normally held m solution or deposited as isolated 
units The existence and cause of such colloidal change has not been 
demonstrated to date, yet such a possibihty cannot be excluded from 
consideration This concept might explain why some phosphaturias, 
oxalurias and uratunas escape calculous formation and others do nor 

The Crxstalline Encrustation Impregnation iMechanisxi 
Specific Infection as a Cxuse of Stone 

Stones may arise from the impregnation or encrustation of cells, 
bacteria, tissues, or foreign bodies with urmary salts This salt deposi- 
uon may occur MTthin or upon the cell, UTthin certain layers of tissues, 
such as in subepithehal plaques (as described by Randall), upon clumps 
of bacteria or upon any foreign body The deposition of hme salts in 
necrobiouc tissues has not been satisfactorily clarified nor will I enter 
at this time mto the many theories which pathologists have advanced 
to explain the process However, the scientific estabhshment of a salt 
encrustation impregnation mechanism in forming stone rests upon the 
follovnng facts 

I Stone may be produced m ammals by infection with specific 
stone-forming bacteria isolated from the urinary tract of patients 
with rapidly growmg or recurrent calculi This has been demon- 
strated by Hegar and Magath with proteus, by myself with strep- 
tococci, and by Hellstrom and Hr^'^ntshak with staphylococci, while 
Rosenow and Meisser with streptococci from the teeth of such 
patients reproduced stone in dogs Hegar and A'lagath found the 
bladder mucosa of rabbits to be impregnated vnth hme salts as the 
result of infection with the alkaline urea sphtting proteus I like- 
wise noted calcium impregnation of urinary tract epithelium under 
such conditions after infection xvith streptococci and could trace 
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histogenetically the breaking off of particles of this lime-encrujted 
tissue to grow and form free vesical, ureteral and renal calculi 
(Figs 8, 9) 

2 In a series of human kidneys with calculous pyonephrosis, sections 
of ussue adjacent to stones in calyces when stained with V on Kossa’s 
silver nitrate method for calcium phosphate, show lime impregnated 
cells and I have been able to trace the histogenesis of stone from this 
calcified renal epithelium, portions of the calcified material breaking 
off to form free calculi, or at times remaining attached to the sub- 
jacent tissue, the mass growing into the calycal lumen In histologic 
detail this process corresponds to that observed in experimental 
animals with infectious calculosis (Fig 10) 

3 Randall has shown that stone frequently arises from subepithelial 
salt deposition in papillary “milk plaques ” This process he feels 
may not be associated with infection, but its actual cause is as yet 
indeterminate 

4 Again stone can be produced experimentally in many species of 
animals by extreme dietary starvation in vitamin A and B, especially 
the former The histogenetic study of such calculosis reveals kera- 
tinization of urinary epithelium with an intensely alkaline crystalline 
urine, in consequence of vhich deposition of lime salts takes place 
vithin and upon this effete epithelium (Osborne, Mendel, Ferry, 
McCarnson, Fujimake, VanLeersum, Peacock, Higgins, Grossman) 
Infection appears late as a rule and after the lime salt deposition has 
begun The role of infection in producing larger calculi is indeter- 
minate However, the fundamental picture of lime salt encrustation 
impregnation mechanism appears again 

5 The association of calculi, chiefly the carbonate and phosphate 
variety, vvnth alkaline urea splitting organisms such as the proteus, 
streptococci and staphylococci is well known These are the sec- 
ondary calculi of Albarran in contradistinction to the primarj’’ or 
assumedly aseptic calculi, composed of urates and crystalline phos- 
jihates and carbonate, which are more often found in neutral or 

6 Cicid urines The reproduction of such secondary calculi by intra- 
f or nous, dental canal and direct vesical infection by different workers 
reasdi specific bacteria from stone-forming patients, the failure to 
appeahice stone w ith non-specific bacteria, together wnth the demon- 
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Histogenesis of infectious Uthiasts m rabbits bladder 
as shown in Fig 8 

a — ^ ecrobiotic epithelium produced by chemicaJ irritation 
b — Encrusted epithelium breaking off to form calculi 
c — Encrustation of surface cells beginning 
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stration of cell impregnation AMth lime salts both m animal and 
human urinary tracts, demands that ue accept specific bacterial 
mfecnon as the cause of at least one variety of stone These calculi 
are unilateral and affect one site more often than the bilateral stones 
or those occurring at several sites m the uiinary tract vhich are 
found when the hyper excretion mechanism is at fault They fre- 
quently cease to form aftei removal udien drainage and elimination 
of the infection are established 

6 The clinical occurrence of vitamin deficiency stone is as yet specula- 
tive The geographic incidence of calculus, its relatn^e disappearance 
m children of today as the result of better dietary, its mfrequencv in 
negroes, etc , are explained by the vitamin content of the diet Photo- 
biometric tests such as that of Jeans are bemg used to determine 
ophthalmologic dark adaptation as a measure of vitamin A deficiency 
These tests initially seem to support vitamin A deficiency as a factor 
m stone formation m many instances Yet the evidence is mcomplete 
and not conclusive I have discussed elsew here why I cannot support 
the vitamin A theory v ith enthusiasm Patients Muth stone for the 
most part eat a dietary reasonably adequate m vitamin A Whether 
or not they absorb it properly and u hether or not the relatively slight 
lack of this vitamin is associated u ith stone and no other deficiency 
symptoms, is very questionable 

The Factor of Urinary Re'Vction 

The solution of stone-formmg material m urme is maintained by the 
protective urmary colloids, such as mucin, fibrmogen, chondroitin sul- 
phuric acid, etc , by the quantity of soluble salts and other solids present 
and also by the temperature, the dilution and the reaction of the urine 
Thus urea, a so-called hydrotrophic compound, increases the solubility 
of calcium oxalate The relauve role of colloids and orgranic solids in 
maintaining solubility has recently been challenged and as we have little 
tangible knowledge of their practical control, I shall not reviev’^ this 
controversy The H-ion concentration, however, is a great factor in 
mamtaming solution and uuthin certain limits determmes the composi- 
tion of the stone-formms material 

Amorphous phosphates, and carbonates and triple phosphates are 
precipitated m urines of intense alkalinity, v hereas the urates, oxalates 
and crystalline phosphates and carbonates vath occasional exceptions 
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are doA\ n from urines of relative neutrality or acidit\’ (oxalates 

average pH 5 9, urates pH 5 6 , phosphates pH 6 2, uric acid pH 65) 
(Maslo\t ) 

Certain authors have held alkahnity itself as a cause of alkahne earth 
stones The occurrence of such stones in patients on an alkaline ulcer 
dietary is cited Hotv^ever, all ranges of pH are noted in normal indi- 
viduals -u ithout stone and the factors of infection or of hyperexcreaon 
would seem more likely causes of lithiasis in such cases Certainly some 
factor other than alkalinity is necessarj'- before stone will form 

'iet by changing the H-ion concentration of the urine the stone 
formmg process may be definitely altered In infectious alkaline experi- 
mental lithnsis, stone Mill not form if the animal is fed on an acid ash 
dietary such as oats, m hile a highly alkaline dietary seems to intensify 
the process 


The Factor of Urostasis 

The clmical and experimental evidence for urostasis as a primary 
cause of stone is entirely lacking In maintaining infection and stag- 
nation, however, it is a matter of great moment When the stone-formmg 
process is active, M'^hen lime salts are being deposited by bactenal action 
on effete cells or when the colIoid-crystalloid coagulation of hyper- 
excreoon is present, it is easy to understand how urostasis augments the 
retenuon and growth of stony particles The experimental etndence for 
this has been cited m other reports 

Hence m the preventive therapy agamst recurrence of stone, uro- 
stasis is perhaps our greatest pomt of attack The removal of obstruction 
occupies a place equally important with the eradication of infections and 
the admimstration of diets and drugs 

Other Factors in Genesis of Calculi 

Stones associated with fractures and infecuous diseases of bones, 
ivith injuries to the vertebral column and spmal cord, come up for 
consideration Our knowledge concerning their etiology is not exact 
and time does not permit an account of the theories that have been 
advanced to explain their incidence In bone disease a disturbance of 
the calcium phosphorus excretion is held, not without controvers)’’ to 
be sure, to be the cause The tendency to bilaterahty of such stones, 
their apparent initial mdependence of infection, supports the theory of 


86 


THE BULLETIN 


hyperexcreuon as the mechanism at fault In “osteitis deformans”, Gold- 
stem and Abeshouse feel that vitamm A deficiency may explain the 
increased incidence of calculous disease In “osteitis fibrosa cystica” 
increased calcium excretion m association with hyperparathyroidism 
seems the cause, while m rickets the frequent mcidence of hthiasis is 
explained again as due to an mcreased calcium phosphorus excretion 

Bacterial clumps encrusted with urmary calcuh, le, the bacterial 
nuclei stones, such as have been described by Eisenstadt, Scholl and 
others, are mteresting Hellstrom has shown staphylococci m layers 
withm the laminauons of alkalme calculi Whether the bacterial clump 
acts as a foreign body or as a urea splitting agent to precipitate lime 
salts on effete cells is controversial, although the weight of evidence 
supports the latter conclusion 

The factors of renal trauma, formaaon of stones on sumres, m 
fistulous tracts, m association with tuberculosis and cancer offer material 
for speculation which for the time must be passed by, as exact evidence 
of their mechanism of formation is lacking 

From this background, however, we must conclude that stone is 
not a disease entity Rather it is a physical manifestation of crystallme 
matter, i e , a change m form which results from several physico- 
chemical mechamsms Two of these mechamsms, viz , the colloid- 
crystalloid precipitation type as produced by crystallme hyperexcretion 
and the encrustation-impregnanon type produced by specific bacterial 
action have been established and demonstrated on experimental and 
chmcal grounds Nevertheless, other mechanisms must yet be deter- 
mined to explain the manifold aspects which stone disease may assume 

Dissolution of Urinary Calculi 

Crowell’s dissolution of cysun calculi by urmar)^ alkalmization and 
Randall’s use of phosphoric acid to dissolve small fragments marked 
the first steps m this Ime of therapy The solvent for stone has long 
been sought Being impressed with the alkalmity of the urme associated 
with certain alkaline earth stones, I attempted to shift the urinary 
reaction to the acid side usmg dilute nitro-hydrochloric acid, ammomum 
nitrite and chloride and an acid ash diet In 1933 I reported vuth x-ray 
demonstration partial dissolution of a carbonatic calculus by such urinar)^ 
acidification, the first mstance of its kind (Fig 1 1 ) Since then I have 
been successful m causing the disintegration and passage of slx alkaline 
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Fig 11 


Large cirbonatic calculous p>onephros!s in npbt kidney 
treated b) nephrectomy Recurrence tn left kidney after 
thirty da>s Streptococcic infection Reduction in size 
of calculous mass «ith two small fragments remaining 
after thirtj da>s of unnarj acidification and peUic 
la^age with phosphoric acid 

calculi by urinary acidification, and of two uratic stones by intense 
urinary alkalinization 

The development of the acid-base diets with addition of vitamin A 
was popularized by the reports of Higgins and others, so that the method 
has enjoyed a faur period of trial in the hands of American urologists 
Undoubtedly too much was expected of the method, as the results on 
the whole have been disappomting The report of Oppenheimer and 
Pollack from Beer’s Chnic is exemplary of the usual failures that have 
been obtained by this type of therapy when careful statistical tabulation 
of cases is carried out 

Recently-formed, soft concretions of calcium phosphate and car- 
bonate do frequently disappear on urinary acidification Dense, well- 
defined calculi of long standing do not respond Small stones in calyces 
in xvell-draining and well-functioning kidneys remain unaffected for 
years, as do unimpacted ureteral stones, both of which one xvould believe 
to be amenable to such therapy 

In this connection the study of dissolution of surgically removed 
calculi in weak acids in vitro has been interesung Most carbonatic and 
phosphatic stones become soft and disintegrated on their surface, but 
soon a harder resistant layer is encountered upon which the acid fads 
to act We fad to remember the organic colloidal matrix in the stone 
structure, the latter beine resistant to n eak acid or alkali as it is com- 
posed of irreversible colloidal “gel” m which crystals ha\e become 
enmeshed in the process of precipitation 
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The principle of acid base shift of the urine is of necessity bound to 
fail even with good renal secretion and proper drainage The follow mg 
cases illustrate success and failure of this therapy 

E G B , male, aet, 42 — Recurrent ureter il calculi of ammonium magnesium phospliate 
o\er ten year period Recurrence stopped b\ ureteral dilatation and urinar\ acidification 
One small calculus persists in left kidnea over nine vear period in spite of periods of 
prolonged urinarv acidification and forced v itamm \ administration (Fig 12) 

L W , nurse, aet, 35 — Persistent right ureter il colic Lrin irv acidification and vitamin 
A over two month period Finally passage of sniill non-op ique calciuiii carbonate cal 
cuius which easih dissolved in acid in test tube 



Fig 12 

GTB, male, aet, 32 — Recurrent phospbatic cilculus at left uretero-pelvic juncture 
after two vears Partial dissolution of stone md picsige ifter two weeks urinarj 
acidification (Fig 13) 



Fig 13 
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Mrs GIB (wife of G1 B ), fem-ile, -let, 30— Stone in right ureter Good kidney 
function Brine nlkiline Vfter four months iitaniin A and acidification therapy failure 
to dissohe Renioialbi ureterohthotom\ Phosphate calculus (Fig 14 ) 



Fig 14 


Mrs T O B , nurse, act, 30 — Recurrent calculus left upper cah'x two years after 
remoial of right kidnei for calculous paonephrosis Observed over a period of si\ years 
with frequent ureteral dilatation, Mtaniin A and acidification of preiioush alkaline 
urine Stone remained stationari in size Remoial hi pelviolithotomv (Fig 15) 



Fig 15 


The direction in mTicH to shift the urinary reacnon is not always 
easy of clinical application Certain uratic and oxalatic calcuh, fibrin 
types and phosphatic varieties are found with acid and alkaline, with 
infected and uninfected urines No single dietaty or drug therapy can 
be expected to give consistent results Each case must be studied mdi- 
vidually Stones are almost always more or less iruxed in chemical 
composition This varies inth the previous diet, mdividual metabohc 
trends and consequent variation in the amount of cr^’staUine stone- 
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Mrs O C B , female, net, 50 — Bilnteral stag liorn cnleuh Calcium nncl phosphorus 
normal m blood Alkaline urine i\ith proteus infection Could not acidifi Poor renal 
function Death from hemorrhage ifter operntne remoinl of left calculus Calcium 
phosphate m t\pe (Fig 16) 



Fig 16 Fig 17 


OCB, male, aet, 50, husband of Mis OCB — First cousins Bilateral calculous 
pjonephrosis Calcium and phosphorus normal in blood Alkaline urine with proteus infec 
tion Infection reduced b\ sulfanilamide and urine acidified b\ diet and acid thernpi 
pushed to point of tolerance ^ itamin A administered Operation to date refused No 
change in sue of calculi Course piogressnei% doMnhill with increasing renal insufficienc\ 
(Fig 17) 


forming material excreted The urinary dilution, the quantity and kind 
of colloidal matter present, the H-ion concentration, factors constantly 
changing from hour to hour durmg the day, come into play Only 
WTthm narrow limits can we attempt to control them clinically Given 
a patient with calculus we can only conjecture as to the possible rela- 
tionship of these factors when the stone actually began to form How 
to deal with laminated stones where urates, phosphates and oxalates 
preponderate in different layers, is from the standpoint of shifting the 
urinary reaction, an unanswerable problem Hence the purposive disso- 
lution of stone with the present methods is unlikely in an individual 
case and unless certain circumstances prohibit surgical or cystoscopic 
removal, dissolution should be attempted only for a short period and 
with softer types of stone If no change m size is noticeable Mithin 
a few weeks, further effort along this line will likely fail and prolonged 
maintenance of high acidity or alkalinity is not without hazard to the 
patient’s urmary tract 
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Pre\ention or Recurrence of Urinary Calculi 

How far are \\ e justified in applying our present knoudedge to the 
important problem of recurrence of stone after surgical removal^ I feel 
that by the application of certain principles which are consistent with 
our concepts of etiology much of practical ^ alue may be accomplished 
A system of therap)'' which I hai e employed satisfactorily ivith certain 
modifications during the past seven years may be outlined as follows 

1 Remove all stones and fiagnients as far as possible by surgeiy 01 
cystoscopy 

2 A qualitative chemical analysis of the stone lemoved should be 
cai i led out immediately 

3 X-iay should be made immediately and at mteivals of six months 
to one yeai for several years aftei opeiation 

4 Seek and collect possibly 1 elated metabolic eirois The blood 
uric acid, serum calcium and blood phosphorus and phosphatase deter- 
minations should be routine obsen'^ations Cystinuria should be investi- 
gated If hyperparathyroidism is suspected, x-rays of the bones and other 
pertinent data are to be obtained 

5 The diet should be 1 egulated avith 1 egai d to the chemical composi- 
tion of the stone Dietary regulation assumes two aspects First, the 
admimstration of a diet which will deplete exogenous supply of the 
stone-forming material, e g a low purin diet in uratic calculi, or a Ion 
oxalate dietary in oxalatic stone Second, a dietary such as the acid or 
alkaline ash type which attempts to change the urinary reaction to the 
point of maximal urinary solution of the stone-forming chemical Com- 
binations of the two may be and should be attempted 

As for uratic calculi, the consistency xvith nTich these stones are 
associated nnth a hyperexcretion of uric acid is not known Hon'^ever, 
intense urinary alkalmization is attendant upon disappearance of urate 
crystals from the urme Therefore, a low purin alkaline ash diet is theo- 
retically ideal here 

Oxalatic stone presents a problem Exogenous sources should be 
excluded by low oxalate dietary However, as Nevdle has pointed out, 
the source of oxaluria is probably endogenous, being associated x\ith 
vitamin B-D deficiency Oxaluria may be corrected by administration 
of these vitamins AATile oxalates are precipitated in a xvide range of 
urinary reaction, their solubility is perhaps better at a higher acid range 
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Therefore, a high acid ash diet, low in ovalates, and rich in vitamin B 
and D IS to be given 

Phosphate and carbonate stones require a high acid dietary Control 
from the standpoint of exogenous sources seems impracticable Cystin 
IS held in solution in alkaline urines Hence the basic diet is indicated 

6 Advnmstei Vitamin T— The controversial status of vitamm A 
in lithiasis has been mentioned Nevertheless the tonic effect of this 
vitamm on epithelial structures is indisputable and if tolerated by the 
already much dieted patient it should be given 

7 Eliminate uiinaiy and focal infection Gram stained smears and 
cultures of the urine from the bladder and each kidney should be made 
at the initial urologic examination 

Oral anuseptic drugs may aid and the ketogenic diet or mandehc 
acid therapy may be tried with success Neoarsphenamme m coccal infec- 
tions IS of value However, coccal and proteus mfections are most 
resistant and do not consistently respond to any treatment uath which I 
am familiar Sulfanilamide cautiously used may reduce proteus infection 
m alkalme urine and after this infection is eliminated urinary acidifica- 
tion may be accomplished udien it has previously not been obtamable 

Focal infection should be routinely removed Dental, tonsillar, 
prostatic, cervical, and alimentary tract infections demand especial care 

8 Establish satisfactoiy lenal and nreteial diamage In the attack 
on urostasis I routinely practice periodic postoperative lavage unth the 
free use of indwelling catheters and ureteral dilatation with bulbs In 
spite of sharp controversy concerning this procedure, I feel that it is 
one of our best therapeutic measures m treating any t)q)e of chronic 
non-tub erculous urinary infection Nephrostomy, suspension of the 
kidney, removal of vesical neck obstruction are to be carried out when 
indicated Lavage with phosphoric acid in i to 2 per cent solution may 
dissohe encrustation, sand, or minute calculi The dilated ureter may 
afford passage to small concretions Sacrifice the offending kidney onlv 
as a last resort 

9 Shift the m inai y 1 eaction to the i ange which will best keep the 
stone-foiming ciystals in solution This feature has been previously 
dealt with At the outset it is important to determme the H-ion concen- 
tration several times daily The urine from each ladney should be sepa- 
rately studied until indwelling catheters The patient should be instructed 
to make his own H-ion determination either unth a LalMotte or similar 
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indicator or Aiatli methyl red, mtrazene, or chlorphenol red paper There 
IS a potential danger in keeping the urine at an intensely acid or alkaline 
range over a long period of time Systemic acidosis may be produced 
by too large or too long continued dosage of acid drugs and even 
nephritis can occur For this reason, patients on such a regimen should 
be undei constant obsen ation by an understanding urologist who is 
familiar with this type of work Chute has called attention to the fact 
that ammonium salts may actually form a source of food for urea spht- 
ung organisms if urinary acidit)’- is not obtained and that urinary acidifi- 
cition unll increase the elimination of calcium salts in the urine Such 
calcium hyperexcretion ma\ thus theoretically promote the grou th of 
stone 

lo Patients with fractures, mfections or other disease of bone, 
those w ith spinal cord lesions, renal trauma, or patients long bed-ridden 
should have their urine kept acid by diet and drugs and furnished ample 
vitamins as a prophylaxis against stone 

In 1933 I reported sixteen cases of rapidly recurrent calculi which 
had had their cycle of recurrence of from one to nine years permanently 
broken by the use of such measures Since that time numerous similar 
cases have been treated successfully by myself and others 

The application of these principles is not easy, and requires an 
unusual degree of care as to detail on the part of the urologist and the 
utmost in cooperation on the part of the patient Certain cases of rapidly 
recurrent calculi are bafflmg and at times impossible to correct Yet w'e 
are reducinsf recurrence according to statistical information to a low er 
percentage level each year 


Conclusion 

Thus I have attempted to present to you the facts known regarding 
the etiology and prevention of urinary lithiasis Admittedly the story 
IS long and tangled Nevertheless present day concepts give us a w'^ork- 
ing basis, a point from which to start that w as not existent twenty years 
ago Scientific knowledge progresses by a process of evolution m which 
many investigators take part With the mtense mterest at present bemg 
showm in this problem in many centers by earnest w^orkers, I feel that 
It IS not too much to prophesy that wnthin a few years much wnll be 
added to give us a clearer understanding of this most interesting climcal 
phenomenon, stone in the urinary tract 
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MEASURES SUGGESTED IN PREVENTIVE THERAPY 
OF RECURRENCE OF URINARY CALCULI 

With Comments on the Tieatment of Uunmy Infections 


Stones should be removed surgically or cystoscojhcally wheh possible Dissolution of large dense calculi inEb 
with present methods 

A Chemical analysis of stone removed 

A SIMPLE METHOD FOR THE QUALITATIVE ANALYSIS OF URINARY CALCULI 

(Modified from Hawk and Bergelm — Physiologic Chemistry, and Hammorsten Lehrbuch der Phys. Chetn ) 

DomanskI — Jr Urol Mar 1937 


Each of the concentric layers of the calculus must he subjected to separate analysis Material for examination Is otlsbiih 
sawing the calculus carefully thru the nucleus then separating the layers or by scraping oft from each layer (without sepsnc, 
the layers) enough powder to conduct the examination ns outlined below Seek nucleus separately with care Study n'c’ 
Bcoplcally for organized organic matter (cells, bacteria) or foreign body 
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Flame pale blue, bums a short time Peculiar sharp odor The powder dissolves In am- 
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Flame yellow, continuous Odor of hurat feathers Insoluble In alcohol and ether Soluble 
In potassium hydroxide with heat Precipitated herefrom by acetic add and generation of 
hydrogen sulphide 
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Effervesces 

Filter — Make alkaline to litimus >vilh 15 % MI4OU foI — ^Then just acid ^rith 6% acetic acid 
— Let stand 1 hour — centrifuge and eTaoiinc for ci^stals of calcium oxalate —or treat sediment 
Mith N/ heat and add drop 0 01 N~KMN04 Decoloncation of pennan^nate indicates 
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No ammonia or at least only traces of ammonia. Powder dissolves 
in acetic acid or HCI This solution is precipitated by ammonia (amor-| 
phous precipitate) 


Abundant ammonia. The powder dissoh es In acetic acid or HCI 
solution gives a crystalline precipitate with ammonia. 


This 


Calcium oxalilt 


Bone-earth (c-l 
neslum and cald:: 
phosphate) , 
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•Flame test frequently Imperfect with small amounts 


••Murexide Test 

0 a small amount ot the powder In a small evaporating dish add 2 3 drops of concentrated nitric acid Evaporate to 
a % erv low flame or water bath A red or j ellowish residue remains w hich turns purplish red after cooling the dish suil i 
tew drops ot aery dilute ammonium hydroxide The color Is due to the formation of murexide 

***Kt)H frequently falls to liberate appreciable ammonia 

Most stones are mixed in composition 

Rapidlj recurrent stones tend to be pure and relatuely unmixed and of the same composition as their 
predecessors 
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S Blood chenustiy studies — 

Blood unc acid — senun calcium — blood phosphorus (Repeat several times ) 

C Urabc calculi — Low punne diet* — 

Intense alkalinization of unne. 

Calcium oxalate calculi — 

Low oxalate dietary* Intense acidification of unne Give Vitamins B and D to decrease oxaluna 
Calcium oxalate is precipitated m a wtde range of urmarv reaction Best solution is maintained at 
pH 5 2, poorest at pH 6 1 (Maslow) This is most difficult stone to dissolve or to control by 
unnaiy reaction 

Calcium carbonate and calcium or ammonium magnesium phosphate calculi 

Low phosphate dietary * (Espeaally avoid milk and dairy products Probably high acid ash diet 
better) 

Intense acidification of unne (pH 4 to S) 

Cystin calcuh — 

Intense alkalinization of urine 

*An ejccUent series of diets are listed In as article by Grant as^ Simpson— Southern Itedical Jonmal— July 1930 Also conault Barborka 
Treatment by Diet, LJpplncott, 1984 
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To aadify unne — ACID ASH DIET — (see next page) 
Dilute mtrohydrochloric acid (aqua regia) 

"D Cone nitrohydrochlonc aad 
Distilled water q s 


10 cc 
100 cc 


Sig Take 1 drachm in 1 glass water q 1 to 2 hrs to tolerance Sip through tube and nnse 

mouth with sodium bicarbonate solution after taking Care not to swallow bicarbonate solution 


Or Use ACID DIURETIC MIST 

"D Ammonium benzoate Dr II 

^ Ammonium chloride Dr III 

Ammonium nitrate Dr III 

Saccharose Oz IV 

Elixir of Lactated Pepsin q s Oz VIII 

N B — Mix in mortar to syrup 

Sig Drachms one to two in glassful water esery 
ooe to xvto hours unless nauseated 
Each drachm contains 0 5 gm of acidifying drug 

The use of the acid diuretic mixture dilute aqua regia enteric coated tablets and acid ash diet singly or simultaneous!} has 
generally been well enough tolerated to render acid resistant urinary alkalinity If patient is nauseated omit one or two 
doses and continue When 8 to 10 gm acidifjmg drug are exceeded m 2+ hours watch for s>stemic acidosis Certain types of urea 
splitting organisms eg proteus and some staphylococci defy nnnaiy acidification Acid unne is possibly secreted, but is at once 
alkalimzed by bacterial action 

LACTIC OR HYDROCHLORIC ACID MILK (10 to 60 drops of lactic or dilute HCl to 6 oz boiled milk)- 
1 glass 4 times or more daily Useful in infants and children 


This syrup is usually well tolerated and has been 
found the best urinary acidificr in our experience It 
ma> be used together with — 

Enteric coated tablets — Ammonium Chloride — 

6 to 10 gms daily 

Enteric coated tablets — Ammonium Nitrate — 

6 to 10 gms daily 

Watch stool to be sure enteric coated tablets are absorbed 


To alkahnize unne — ALKALINE ASH DIET— 
ALKALINE DIURETIC MIST 


-see next page 


Kali citratis 


Oz I 
Dr IV 
Oz IV 
Oz VIII 


Sodii bircarbonatis 
Syr Orange 
Aquae Dist q s 

Sig Drachms III in water a c. and h s 

Magnesia, potassium citrate or acetate, sodium bicarbonate m suitable prescnption 

TO TREAT THE URINARY TRACT INFECTION- 

SMEARS AND CDETURES at Initial Urologic Examination , j , 

Study soided and catheterized bladder urine, catheterixed ureteral specimens from each lidne} determining pH on u^ual 

Differenuate^nfectious organisms b} laboratorj methods (Gram stain simple and useful ) 

NEOARSPHENAMINE— 0 2 gm intrasenously followed in 5 to 7 da}s b> 0 3 gm 

Frequentl} of salue in staph>Iococcus and streptococcus fecalis Do not continue if first two doses show no improsement 
Use cautiously in acute infections and with renai insumcienc> 

METHENAMINE-Keep urinarj reaction below pH 5 6 Push dosage to olerance 4 to 8 gm dail} Watch urine for increase 

in red cells or casts Do not continue large doses os er long period Drop maintenance dose to 3 to 4 gm dail} If not 
eSenise after seseral da}s do not continue If E'Ven intras enousl) calculate amount in total dail} dosage 
ACRIFLAVINE— CAPROKOL— AZO D'iES (P}ridiom Sereniura etc.) Seldom sterilize urine but good bacteriostatics and 
reduce infection 
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KETOGENIC DIET— References— Clark, A L J A M A 107 12S0 1284-1936 Nesbit, R M J A M A lOS iiii 

Not well tolerated in man> patients Used less frcquentl} non as mandelic acid in most instances afreets same orw 
more successfully and is better tolerated Bacillar> and streptococcus fecalis infections respond best, coccal mf 
poorl> except at times in lower urinarj tract 

MANDELIC ACID — Has largclj replaced ketogenic diet Keep urimr> concentration high b> restricting fluids to 1000 t p 
cc dail) (except in acute cases) Keep pH b> acid a^h diet and drugs at pH 5 2 ® * 

Gl^c 12 gm mandelic acid dailj to adults (as sodium mandelate or ammonium mandelate) Infants and children accor^ 
to age Do not continue o\er t^^o or three weeks and examine urine carcfull> for appearance or increase of rede 
and cast« In ca«cs of renal insufficicncj take care not to produce acido^^is Watch for nausea \ommng hvpcrt 
and check CO 2 combining po\%cr of blood ^ 

SULF-^NILAMIDE — In urinarj tract effecti\c for bacilli including proteus Does not affect cocci so %\ell Streptococcus fea^ 
does not respond ^ 

Acti\c (probably mo«t acti\c) in alkaline urine Keep pH at 7 5 or higher De\elops bactericidal urine in renal ir « 
ciencj At present oral administration appears equally or more effective than intramuscular or intr 3 \cnouj to \ 
Secreted in poor concentration in prostatic secretion but verj effective in prostatic infection Dosage not standardi » 
■~Start with 60 to SO grains dai!> in four doses Keduce to 40 grams dail^ after 2 or 3 da>s 
Watch tolerance of patient and for man> bizarre untoward reaction^ — Progressive evanosis hemoglobinuria hcmjt ’ll. 
h>perpjrcxia, leucopenia agranuloc)stosis crjthraemia dermatitis anemia jaundice and retinitis indicate iy 
continuance of drug Usual!} prompt rccoverj from toxic ^vmploms endues Do not give an} l}pe of sulphaiei a < 
especialh avoid magnesium «iulphate during <uHanilamide administration atch patient dail} 

REDUCE FOCAL INFECTIONS — teeth — tonsils — prostate — cerx ix — alimcntar} tract 

SURGICAL DRAINAGE — Nephrostomv — Seminal Vcsiculotomv — Cv<;tostomv — Removal of prostatic obstructions Su'pcmrvd 

kidne} etc — when indicated 

UROLOGIC DRAINAGE — Indwelling catheter*: — Periodic C}sto«copic ureteral dilatation Dilatation of small calibercd urttbu 
Valuable measures if applied gentl} and increasing Mze of dilator gradualK Avoid trauma 
Lavage with 1 to 27© phosphoric acid etc Continuous irrigation with acids bv an} method is not tolerated b} most paiir-j 
and ma} provoke severe reactions Of value chief!} in post operative effort to prevent recurrence of stone 

SUMMARY 

Surgical removal of stone usuadv indicated when possible Adjust unnar} reaction m accordance with chemistr} of non 
Correct metabolic error — h} perparath} rotdism uric acid oxalate phosphate h}percxcretion Reduce infection For coccal 
infection use neoar^phcnaininc and methenamine For bacillarv infections and streptococcus fecalis use unnar} acH 
fication and mandelic acid In alkaline bacillar} infections use sulfanilamide Remove focal infection Estab^h 
drainage 

Patients with bone disease (fractures infections, tumors, osteitis deformans osteitis fibrosa cystica) patients vsVH 
spinal cord injuries or patients long bedridden — keep urine at acid range (pH 5 to 5 2) as prophylaxis agunr 
stone 


G Increase Vitamin A Intake — Sources — Cod li\cr oil — Haliver oil — Carotene (Proaitamin A) 
FOODS— 


APRICOTS 

BEEF LIVER 

Beef Fat 

BUTTER 

Bananas 

Cantaloupe 

CHARD 


CHEESE 

(Am or S«is') 
CREAM 
EGG V OLK 
Kiclnejs 
Milk 
Oranges 


0)sters 

Peaches 

Pineapples 

Prunes 

Tomatoes 


Asparagus 
Beans green 
Cabbage 
CARROTS 
Corn (scllo«) 


Vegetables ssiih green or sellow pigment 


CRESS 
LETTUCE 
PEAS (green) 
Peppers 

Pumpkins (sellow) 


Sweet Poialoes 
Squash 
SPINACH 
TORN’IP (lopi) 


ACID-ASH DIET 


(Expressed in ec Normal reagent per 100 gm food) 

This diet Is deficient in Vitamin C For this reason Vitamin C >cgetahles ot low alkaline ash content raa> be added jr; 
icall> If the patient is on the diet for a long time 


Egg Volk 

27 

Pork lean 

10 

Crackers soda 

S3 

Bread (rje) 

Ojsters 

161 

N eal loin 

93 

Pork chops 

S 

Corn Meal 

Macaroni 

14 3 

Ham smoked 

97 

\\ alnuts 

78 

Peanuts 

Shredded Wlieat 

12 2 

Sponge Cal e 

90 

Bread whole wheat 

73 

Corn green 

Whole 'Vk heat 

12 

V hite Flour 

90 

Bi ead white 

71 

Cranberries Plums 

Oatmeal 

12 

Beef ribs lean 

96 

Perch 

63 

Including Prunes 

Sardines 

113 

Mutton leg 

96 

Corn, (drj) 

Cheese Cheddar 

59 


Eggs whole 

11 

Soj bean Meal 

95 


NEUTRAL 

Beef porterhouse steak 

10 9 

Rice 

93 

( Imerlcan) 

64 

Chicken 

10 7 

Halibut fresh 

93 

Egg White 

62 

Tapioca Lard 

Salmon canned 

10 7 

Flour aahlte 

90 

Lentils 

61 

Butter Sugar 

Barley pearl 

10 4 

Trout salmon 

88 

Swiss Cheese 

5 

Cream Comstatci 

Beef Liver 

10 5 

Cod fish 8 4 Bacon 

ALKALINE-ASH DIET 

(Expressed in cc of Normal reagent per 100 gm food) 

5 

on 

Molasses 

56 

Citron 

96 

Bananas — C 

5 6 

Raspberries— C 

Olives 

45 6 

Rutabagas — C 

85 

Oranges — C 

56 

Apples — C 

Dried Figs 

32 9 

Rhubarb — C 

85 

Tomatoes — C 

5 6 

Pears fresh 

ntr»n oh 

27 0 

Cucumbers — C 

79 

Peaub fresh string 

54 

Radishes — C 

V 

23 G 

Celerj — C 

78 

Condensed Milk 

52 

Watermelon— C 

J dried 

18 

Cantaloupe — C 

75 

Evaporated Milk 

53 

Turnips — C 

Milk 

18 

Lettuce — C 

74 

Caullfiow er — C 

5 

Milk whole raw 


15 3 

Potatoes white — C 

7 

Lemons — C 

6 

Buttermilk 

~ fresh luna 

14 

Cocoanul 

7 

Peas (dry) 

5 

Onions — C 

imonds 

12 3 

Pineapples fresh — C 

68 

Peaches fresh — C 

5 

Pumpkins — C 

Parsnips 

12 

Sweet Potatoes — C 

67 

Chestnuts 

5 

Peas fresh — C 

Dates 

H 

Cabbage — C 

6 

Cherries — C 

4 5 

Asparagus — C 

Beets fresh 

10 9 

Baked Beans 

6 

Mushrooms 

4 

Grapefruit — C 

Carrots — C 

Figs 

C signifies hJph \ltamin C 

10 S 
10 

content 

Apricots 

6 

Grape Juice 

4 

Ice Cream 
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SOFT ACID ASH DIET 

ay have the following foods 

EGGS (poached soft holled souffle egg custard shirred creamed omelet scrambled) 

MACARONI (creamed buttered or cooked in chicken stock) 

COOKED CEREALS (rice and grits maj be ser\ed as vegetables or cereals and oatmeal cream of ■wheat, farina and 
wheatena also cornmeal as mush) 

CRACKERS 

BREAD (whole wheat rje and white) 

CORN (green or canned either verj tender or run through sieve to remove outer skin) 

DESSERTS (custard rice puddings tapioca custard bread puddings — made with eggs and one half milk and one-half 
20% cream) 

CHICKEN (stewed creamed or baked) 
ater may have 

Fresh halibut boiled broiled or baked 
Fresh trout boiled broiled or baked 

FRUITS (cranberries plums (cooked) and prunes (ma> be combined with eggs as whips or souffles) 

NEUTRAL FOODS (cream butter tapioca sugar, cornstarch) 


^MPLE MENU FOR DAY 

BREAKFAST 

Prunes with cream 
Oatmeal shredded wheat 
with cream 
Poached egg on toast 
Toast with butter 
Coffee or tea with cream 
and sugar 


LUNCH 

Cream of chicken soup 
with crackers 
Egg omelet 
Buttered grits 
Stale muffins (toasted 
•with butter) 

Prune whip (made with 
stiffly beaten egg white 
pureed prunes and sugar) 
Coffee or tea with cream 
and sugar 


DINNER 

Bouillon with toasted 
crackers 

Stewed chicken with 
gravy 

Steamed rice 
Stewed com 
Toast with butter 
Baked chocolate custard 
Coffee or tea with cream 
and sugar 


SOFT ALKALINE-ASH DIET 


FRUITS ALLOWED— (all fruits on list)— 

Orange juice pineapple Juice grapefruit Juice tomato juice, peach Juice apricot juice pear Juice 
Baked apple without skin baked pear without skin fresh or canned applesauce canned peaches pears 
apricots Royal Anne cherries 
VEGETABLES on alkaline list— 

All vegetables must be strained Carrots peas lima beans butter beans string beans tomatoes asparagus 
spinach beets SQuash baked potato or mashed potato 
MILK AND MILK PRODUCTS ALLOWED— 

Sweet or buttermilk, cottage cheese cream batter 
Any ice cream without solid fruits or nuts 
Chocolate milk or hot chocolate 


BREADS ALLOWED— 

Toast (white or brown) NOT MORE THAN ONE AND ONE HALF SLICES EACH DAY 
EGGS — Do not eat more than ONE egg a day 

DESSERTS (BESIDES FRUITS) ALLOWED— Simple puddings made with any of the allowed fruits— Baked cus 
tards tapioca puddings 

COFFEE AND TEA— MAY BE TAKEN AS DESIRED 
Sugar salt and pepper as desired 


\MPLE MENU FOR DAY 

t 

BREAKFAST 

Any allowed fruit or 
fruit Juice 
One egg 
MUk. 

Coffee or tea, 

% slice bread (toasted) 


LUNCH 


DINNER 


Cream or vegetable 
soup 

Baked potato 
Vegetable purees 
V- slice toasted bread 
Milk. 

Allowed fruit or dessert 
or both 


Fruit cup 
Mashed potato 
Vegetable purees 
% slice toast 
Mllln 
Dessert 


OTES ON SOFT ALKALINE-ASH DIET 

In keeping a diet alkaline — eggs which are one of our most valuable sources of protein in the soft diet must be very 
limited so in order to keep the body built up a great deal of milk should be consumed 

The patient should take at least 1% quarts of milk each day This may be used in soups specially prepared drinks 
or may be taken plain 

Notice that none of the foods allowed are limited In amounts eicept eggs and toast These are limited because they 
coQtaIn acid properties 



98 


THE BULLETIN 


P5ESE5HSZSHSESHSHSE5HSHSESHSaSZ52SSSHSHSaSHSE5HSESHSHS5SESHSHSHSHSHSHSHaS2iia 

RECENT ACCESSIONS TO THE LIBRARY 

“Possession does not iraph appro\al” 


CijHSSSH5Z5S5E5S5Z5HSH5ESHSH5E5HSH5HSHSESHSHSE5HSHSESESHSHSHSHSE5HSHS25ESHS2Si 


Biile\,E H S &. Cach, H P A laboratory 
quide to the study of qiiahtattze analyst-- 
10 ed 

Phil, Blakiston, [1937], 322 p 
B irnhill, J F Surgical anatomy of the head 
and neck 

B<ilt , Wood, 1937, 921 p 
Beitnistle, A P The role of chennotaxf. in 
bone growth 

London, Kimpton, 1937, 50 p 
Bum, G D &. Klinger, M P Psciidoci/csis 
Bloomington, Ind , Pnncipi i Press, 
1937, 265 p 

Blanchard, C E ^ handbook of ambulant 
proctology 

Youngstown, 0, ^ledical Success Press, 
1937, 304 p 

Bloom, C J The care and feeding of 6o6ic' 
III xcarin climates 

New Orleans, Pelican Pub Co, [1937], 
358 p 

van Bogaert, L , Scherer, H T 5. Epstein, E 
Une forme cerebrate de la choleAcriiiose 
qi nfrali\fe 

Pans, Masson, 1937, 182 p 
Bourne, A W Synopsis of obstetrics and 
qqnaecology 7 ed 
Bristol, Wright, 1037, 452 p 
Brown, C A Life of John Keats 

London, Oxford Unn Press, 1937, 129 p 
Burrell, L S T Recent advances in pul- 
monary tuberculosis 3 ed 
London, Churchill, 1037, 320 p 
Chiraa, M M &. Paiel, I La viswule 
biliaire et ses voies d’excrition 2 6d 
Pans, Masson, 1936, 863 p 
Cranflll, J B From memory 

Naslmlle, Boardman Press, [1037], 

281 p 

Curie, E Madame Curie, a bioqraphq 
Garden Citv, Doubledaa, 1937, 393 p 
Dans, M M Public medical services 

Chic, Univ of Chic Press, [1937], 170 p 
Dressier, W Klinische Blektrokardioqraphie 
4 Aufl 

Berlin, Urban, ^937, 180 p 


Fels, E Das Hormon des Corpus Intent \ 
Leipzig, Deuticke, 1937, 169 p 
Fishbem, M Syphilis, the next great plague 
to go 

Phil , McKai, 1937, 70 p 
Flick, L F Tuberculosis 

Phil, [Author], 1937, 330 p 
Franklin, K J ^ monograph on reins 
Springfield, 111 , Thomas, 1937, 410 p 
Froloi, Y P Pazlot and his school, the the 
ory of conditioned reflexes 
London, Paul, 1937, 291 p 
Gaehtgens, G Der Vifaminhaushalt in der 
Schwangcrschaft 
Dresden, SteinkopfF, 1937, 161 p 
Gesell, V L &. Ilg, F L Feeding behavior 
of infants 

Phil , Lippincott, [1937], 201 p 
Glasstone, S The electrochemistrg of sola 
fioiis 2 ed 

London, Methuen, [1937], 551 p 
Goldsmith, M L Florence Xightingale the 
woman and the legend 
I ondon, Hodder, [1037], 320 p 
Har\e\, W C &. Hill, H Milk products 
London, Lew is, 1937, 387 p 
Hertzler, A E Surgical pathology of the 
diseases of the neck 
Phil , Lippincott, [1937], 237 p 
Hinside, L E Concepts and problems of 
psychotherapy 

N Y , Columbia Uni\ Press, 1937, 199 p 
Holman, E Artcriozenous aneurysm 
N Y , Macmillan, 1937, 244 p 
Holland, J S That inferiority feeling 
London, Allen, [1037], 256 p 
Hutchison R The elements of mcdieal 
treatment 3 ed 
Bristol, Wright, 1937, 194 p 
International (2) Congress of Jledical Ad 
i isers for Athletes, Berlin, 1936 F f r 
handlungsbericht 
Leipzig, Thieme, 1937, 415 p 
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International Societ\ for Microbiologi In- 
ternational (2) congiess foi microbiol- 
og\, London, IbSO Report of proceed- 

I»(7' 

London, [ Harrison J, 1937, 579 p 
Kerr, J M ^I Operatize obstetria 4 ed 
London, Baillierc, 1937, 847 p 
Langdile, V B P/micas Fletcher, man of 
tettert, tcience and diztniiy 
N 'll , Columbia Lnn Press, 1937, 230 p 
Leiinson, C A The eiamininq dentist in 
food hazard casei 
Boston, Vuthor, 1937 58 p 
Lewis, (Sir) 1 Clinical elect rocardiographi/ 

6 ed 

London, Sliaw, 1937, 128 p 
Leis, A Recherches snr les canx poUiides 
Pans, Baillifere, 1916, 111 p 
Lliotte, C &. Dupe^rat, E Revelations sitr 
la '•ante des felines travaiUeuses 
Pans, Editions Spes, [1936], 191 p 
Ling, 1 M Recent adzances in industrial 
hyqiene and medicine 
London, Churchill, 1937, 212 p 
MacCracken, tv B Use your ov.n eyes 
Berkeley, Cal, Author, 1937, 241 p 
McKaa, "W J S The evolution of the en- 
durance, speed and stayinq poit-er of the 
racehorse 

London, Hutchinson, [1937], 319 p 
AIcNalh,^ D Toxicology 

Chic , Industrial tledicine, 1937, 1022 p 
Marshall, H E Dorothea Dix, forqotten 
Samaritan 

Chapel Hill, Unii of North Carolina 
Press, 1937, 298 p 

Mathe\-Cornat, R Radiothirapie gyuecol- 
oqique 

Pans, Masson, 1936, 369 p 
tlitchell, J P Anatomy and physioloqy, and 
causes of disease 
London, BaiUiere, 1937, 215 p 
tiuna, H G Dix ans cliez les dentxstes 
Pans, Bondaz, [1936], 219 p 
Newsholme, H P Christian ethics and social 
health 

London, Heritage, [19 37], 155 p 
Neimann, C A Artificial fezer produced 
by fihysical means, its development and 
application 

Spnnfield, 111 Thomas, [1937], 294 p 


Oosterhuis, R A B Paracelsus en Hahne- 
mann, een renaissance der geneeskunst 
Leiden, Sijthoff, [1937], 300 p 
P igt, I H Chemistry of the brain 

Springfield, 111, Thomas, (1937), 444 p 
Pattee, A F Practical dietetics 21 ed 
Mount A ernon, N A , Pattee, 1937, 

868 p 

Pekin, L B Darzt.in 

I ondon, A\ oolf, 1937, 78 p 
Pinsent, (Dime) E F (Parker) The men- 
tal health services in Oxford City, Ox- 
fordshire and Berkshire 
0\ford, B irnett House, 1937, 87 p 
Rim, N Die control of bovine tuberculous 
in man 

I ondon, Bailhcre, 1937, 128 p 
Rudolph, 1 A Allergy, its practical ap- 
plication 

Phil, Dorrince, [1937], 224 p 
Schlesinger, B Cinfuhrung in die Ventri- 
I ulogiaphie 

Beilin, Lrhan, 1937, 246 p 
Science museum, London Pure chemistry 
I ondon, H A1 Sta Off , 1937, 2 pts 
mil 

Sears, A\ G I ade mecum of medical treat- 
ment 

B lit , AA ood 1937, 368 p 
Smith, E A A manual of dental metallurgy 
5 ed 

I ondon, Churchill, 1937, 320 p 
Solomon, C The traffic in health 

N A , Naiarre Pub Co, [1937], 393 p 
Souttar, H S The art of surgery 3 ed 
I ondon, Heinemann, 1937, 630 p 
Steele, (Airs ) K AI Psychiatric nursinq 
Phil , Dai IS, 1937, 370 p 
Stephens, J AA AA Blackzs,ater fezer 

[Iiierpool], Lni\ Press of Liierpool, 
1937, 727 p 

Stewart, (Sir) J P The diaqnosn of nerv- 
ous diseases 8 ed 
I ondon, Arnold, [1937], 842 p 
lodd, V r Treatment of some chronic and 
‘incurable diseases 
Bristol, AVright, 1937, 203 p 
lodd, I AA Atlas of skeletal maturation 
St Louis, Aloshi, 1937, 202 p 
louinanoff, C L anophelisme en Bxtreine- 
Orient 

Pans, Alasson, 1916 434 p 
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Valler\-Radot, J L P grands prob- 

Icmet de la mcdecinc contcmporame 
[Pans], Flaninnnon, [lO'JG], 252 p 
Wakele%, C P G &, Hunter, J B Rose § 
Carle'<'<’ manual of surqery 15 ed 
London, Baillitre, 1037, 2 \ 

"Wilhanis, L L B Mmor maladies and their 
treatment 7 ed 
London, Badliere, 1937, 439 p 


Wilson, J St G Pre-natal and post-nata 
management 

London, Arnold, 1037, 20G p 
■\\ ollierc, L n The pn/chologg of eating 
I ondon, H nrip, [1037], 321 p 


PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETINGS 

jAj,'trAR\ 6 — The Nexo York Academy of 
Medicine Annual Meeting Executne 
Session — a] Reading of the minutes, 
b] Presentation of diplomas IT Presenta- 
tion of annual reports (read by title), 
The Council, Ihe Trustees, The Treas- 
urer, Committees II Report of the Fund 
Raising Committee, Shepard Krech 
IT Address of the President, James Alex- 
ander Miller, Ihe significance of The 
Neiv York Academs of Medicine H Re- 
port on election of members 

January 20 — The Harvey Society in affilia- 
tion with The Nexo York Academy of 
Medicine The fourth Har\e\ lecture, 
“Transfers of Water and Solutes in the 
Bodj,” John P Peters, Professor of 
Medicine, Yale Uni\ersitj 

SECTION MEETINGS 

January 4 — Dermatology and Sypliilology 
Reading of the minutes H Presentation 
of cases — a] Vanderbilt Clinic, College 
of Physicians and Surgeons, b] Miscel- 
laneous cases Discussion of selected 
cases H Executii e session 

Januarx 7 — Surgery H Reading of the min- 
utes H Presentation of cases — ^Ty o cases 
to illustrate each paper of the evening 
^ Papers of the e\ ening — a] Surgerx m 
the treatment of ad\ anced cancer of the 


lip, Hn\es E Martin, Discussion, Je- 
rome P Webster, b] Common carotid 
arter\ ligation m head and neck cancer, 
William L Watson, Discussion, John 
M Hanford, c] The use of the actual 
cauterx in the treatment of carcinomas 
of the head and neck, William S Jlac- 
Comb (b\ ln^^tatlon) , Discussion, Wil- 
liam F MacFee H General discussion 
HExecutne session 

Januvrx 11 — Combined Meeting, Section of 
Neurology and Psychiatry and The Nero 
York Neurological Society Presentation 
of cases — Tuo cases demonstrating al- 
lergic reactions in the central nerious 
s\stem, Iriing Pardee H Papers of the 
Cl ening — a] Allerg\ and its effect on 
the central nerious S3stem, Foster ken- 
nedi , Discussion, Angus Frantr, Robert 
V Cooke, Israel Wechsler, b] Sulfa- 
nilamide in the treatment of acute in- 
fections of the central ner\ous s\stem, 
.Tosephine B Neal, Discussion, Emanuel 
Appelbaum, Clarence C Hare HExccu- 
tn e session 

Iaxuxrx 12 — Historical and Cultural Medi- 
cine Reading of the minutes H Papers 
of the e^ ening — a] Sidelights on the his- 
tor\ of medicine in Spam and Portugal, 
Harr^ Friedenw aid, Baltimore (bv invi- 
tation) , b] Hieronvmus MUnzer and 
other Fifteenth Century Bibliophiles, E 
P Goldschmidt, London (by invitation). 
U General discussion [[ Executiv e session 




IIURU-VR'V 1938 


I O I 


Jam vr'v IJ — Prduifiir't Prognni picsenteJ 
1)\ nicmhers of the Department of Pedi- 
itrics of the Uni\ersib of Penns\hann 
Medic il College tl Papers of the e\ ening 
— i] Curd sire and eurd tension of null , 
Inimr T M olnnn (In jn\ jtntion), I eslic 
\ Chambers (h\ invitation) , Discus- 
sion Logan r "Wilson (b\ mutation), 
Plainshoio, V T h] Some ohserintions 
on Inpertension in icute gloniernlone- 
phiitis Mitchell I Ruhin (In invita- 
tion), Milton R ipoport (bv mutation) 
Discussion John D Lvttle, c] The ef- 
fect of the maternal diet upon resistance 
to infection, Charles F Church (bv in- 
vitation) Discussion, Leslie 1 M ebstcr 
(bv invitation) d] The velocitv of 
spread of nasoph irvngeal infection, W 
r M'ells (bv invitation), M tVells (bv 
invitation), e] Studies on infliienra, 
loseph Stokes, Tr (In mv Ration), Doio- 
thv R Shaw (bv invitation), Vtliol S 
Kennev (bv invitation) Discussion of 
papers d and c In rhonias Francis Tr 

J VM VR\ 17 — Ophihalmotoov Instructional 
Hour — Diseases of the cornea, Bernard 
Samuels, Edward B Burchell (bv invi- 
tation) “i Sht Lamp Demonstration, 
Milton L Berliner, M endell I Hughes, 
Girolamo Bon iccolto, Gordon M Bruce 
(I Pleading of the mmvites H Presenta- 
tion of cases — -a] Simple operation for 
spastic entropion, Sigmund A Agatson, 
h] Comparison of operations for paralv- 
sis of the external rectus, Brittain F 
Pavne *1 Papei of tiie evening — \nom- 
iloiis projection and other visual pbe- 
noiiien 1 associ ited with strabismus, 
Fiederick H Verhoeff (bv invitation) 

Jaxuvri is — Mediinie Reading of the min- 
utes V Papers of the evening — a] I be 
present knowledge of vitamin requnc- 
nient in man, Henrv C Sherman, Md- 
chill Professor of Chenustrv, Columbia 
kmversitv (bv invitation) Discussion, 
R R ilhanis (bv invitation), I Og- 
den M oodruff , b] Pathological responses 
to vitamin deficiencies, Gilbert Dilldort 
(bv invitation), Discussion, C P 
Rhoads s' Genei al discussion 


T'xi VI V 19 — Genito - Urinary Suryery 
Reiding of the minutes ‘‘Presentation 
of cases — three cises of tuberculous 
meningitis following nephrectomv , G 
Vubrev Hawes (bv invitation) Paper 
of the evening — Renal tuberculosis in 
p itients vv ith ictiv e pulmonarv tuber- 
culosis, Edwin M taineson, Saranac 
I ike (bv invitation) ''Discussion, Ed- 
win Beer, George P Cihill, Thomas T 
Kiiwin 

IvxcARv lO—OtolarynyoIoiiy Re<idmg of 
the minutes Presentation of cases — 
Cises of cancer of larvnx treated bj 
radiotherapv, Maurice Lenr H Report 
of cases — a] Saliv arv fistula, following 
mastoid operation Two cured cases, E 
B Bilschick (bv invitation), b] Chon- 
droni i of the bronchus Report of two 
cases, V J Cracovaner c] An unusual 
< ase of epithelioma of the nasopharvnx, 
G E Bradford (bv invitation), dj 
Multiple mveloma of the temporal bone 
r P Fowler, Jr (bv mv Ration) , ej Ep- 
ist ixis from telangiectases, treated bv 
quinine urethane miection, G H O Kane 
(bv invitation) f] rraumatic rupture 
trachea, George M orcester (bv invita- 
tion) fl Papers of the evening — a] Foci 
of infection m rheumatoid arthritis, 
R I McCollom (bv invitation), b) A 
new double bronchoscope, G R Brigh- 
ton c] -V critique of the treatment 
of larvngeal cancer, J D Kernan, 
Discussion bv R E Bucklev, M Lenz 
•' General discussion The cases present- 
ed were chieflv from the Service of Prof 
John D Kernan at Presbvternn Hos- 
pital, Babies Hospital and ^’^nderblIt 
Clinic 

Tam vnv 25—Obtletric<! and Gynecology 
Papers of the evening — a] Ireatment Of 
pelvic inflammation bv iontophoresis of 
I choline compound, \doIph Tacobv , 
Discussion, AValter T Dannreiither, 
Irving S AVright, David N Barrows, 

b) Management of the third and fourth 
stages Of labor. Atoms Leff Discussion, 
A\ illiam E Caldwell, \lfred C Beck, 
A\ ilhain E Studdiford, John B Pastore, 

c] The problem of the after-coming 


10 2 


THE BULLETIN 


held, Robert J Lo-nne, Discussion, 
James P Henness'i, CHucle E Heaton 

Orthopedic Surgery Notice — On account of 
the meeting of the Amenean Acaclema 
of Orthopedic Surgeons at Los Angeles 
this month, no meeting of the Ortho 
pedic Section at the Academy is held 


AFFILIATED SOCIETIES 

Nexo York Roentgen Society Tlie Annual 
Roentgenological Conference of the 
Eastern Soeieties "w as held m Philadel- 
phia Januarj 28 and 29, and took the 
place of the regular Januar\ meeting of 
the New "i ork Roentgen Societa 

JA^^ARa 27 — New York Pathological So- 
ciety in affiliation with The New York 
Academy of Medicine Case Reports — 
a] Masculinization associated with an 
oiarian tumor (luteoma is Inperne- 
phroma), Antonio Rottino, b] Cvstic 
hmphangiectasia of the adrenal, S 
Milton Rabson, Edward F Zimmerman 
(bv mutation), c] Three interesting 
carcinomas arising in tlie biliarv tract, 
L H Meeker, George Saipol (hi in- 
1 Ration) , d] Ulceration of peritoneum 
(chemical’), L H Meeker, J M Gan- 
non (hi mutation), e] Carcinoma 
(metastatic) and coexisting acute ap- 
pendicitis w ith perforation, L H Meek- 
er, S R 'Weinberg (hi mutation) 
IT Papers of the eienmg — a] General 
ohseriations on the serum therapi of 
infections with streptococcus, Adeie E 
Sheplar (b\ mutation), "Martlia lane 
Spence, MA (b\ invitation). Ward J 
MacNeal, b] Further observations on 
bacteriophage action in the presence of 
blood. Ward J MacNeal, JIargaret A 


McRae, BS (bv invitation), Rudolph 

V Colmers (bv invitation) ^ Slide Deni 
onstrations — a] Phagoevted staphvlo 
cocci in the circulating blood, E H 
Pahl, BS (bv invitation), M ard J 
MacNeal, b] Differentiallv stained par- 
ticles within bacteria undergoing hsiv 
bv bacteriophage. Ward J Mat Neal, 
F ranees C Frisbee, A B (bv inv ita 
tion) U Executive session — Election of 
ofiBcers 

Taxi, vry 19 — New York Section of the So 
ciety for Experimental Biologi/ and 
Medicine The path of escape of vital 
dves from the Iv'mpliatics into the tis- 
sues, Philip D McMaster, Robert T 
Parsons (bj invitation) H Differences in 
the temperature of the skm and niiis 
cles of the lower extremities follow me 

V arious procedures, Mae Fnedl mder, 
Samuel Silbert, William Bieriuan, Nor 
man Laskey (Introduced bv Gregorv 
Schvv artzman) HThe effect of kidnev 
retention and other factors on the e\- 
cietion of vitamin C after an intra 

V enous dose of cev itamic acid, Irv mg S 
Wright, Elizabeth MacLenathen HRe 
versed iontophoresis of histamine from 
human skin Its bearing on the histn 
mine theorv of the allergic wheal H A 
Vbramson, M Engel (bv mv Ration), 

V Lubkm (bv invitation), I Ochs (bv 
invitation) HThe effect of pH on the 
metamorphosing action of the thv roxine 
upon tadpoles, S H Rosen (Introduced 
bv D Perla) H The fate of tubercle 
bacilli in sensitized and in immunized 
animals, Jules Freund, D Jlurrav 
Vngevme (bv invitation) HThereticulo 
endothelial svstem and the concept of 
the “anti-hormone,” Albert S Gordon 
(bv invitation), William Kleinberg (bv 
invitation), Harrv \ Charipper 
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CLINICAL ASPECTS OF CALCULUS DISEASE" 

HENR'i G BegBEE 

Attending Urologist St Lukes Ilo'^pml 


XE FINDS in the more recent urological literature many 
contributions relative to calculus disease These articles 
deal largely with the etiolog)^ of stone formation and its 
correlative subject, the prevention of recurrence To the 
urologist, at the present time, this is probably the most 
•mportant and interestmg phase of the subject Much of the knowledge 
gained by these researches, hovxver, must still be classified as theoretical, 
and a true evaluation can only be made after further invesugauons ha\ e 
been carried out, especially along the lines of chemistry, bacteriology, 
and body metabolism 

The clinical aspects of Iithiasis is a broad subject indeed, and one 
which obviously can only be touched upon in the limited space allotted 
To form the basis for these obser\'^ations (which are directed primarily 
to those practicing in fields other than urology, especially the general 
practitioner), I have briefly reviewed cases of calculus disease that have 
been under my observation in hospital and private practice during the 
past si\ years, and attempted to elicit certain points in the climcal his- 
tones 'U'hich would be of greatest interest 

During these years we have been able to utilize all of the most modem 
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methods of urological diagnosis, u hich have been parncularlv efEcacious 
in the study of lithiasis, we have also orked in die light of our modem 
concepnon of the etiology of stone formation 

In order of frequency, calcuh have been encountered most often 
(i) in the ureter, (2) kidney, (3) bladder, (4) prostate, and (5) urethra 
That the greatest mcidence of calculi is to be foimd m impacted ureteral 
calcuh IS not surprismg The majorit}* of all calcuh are formed m tlie 
kidney, and Mhile sdll of a size sufBciendy small to make it possible, 
descend mto the ureter and become impacted, where as a rule thev gi\ e 
rise to s)miptoms of sufficient seventy to focus attennon upon their 
presence and result in their detection 

The alertness exhibited by the general pracntioner in suspecting the 
possible presence of a ureteral calculus vuth the first appearance of 
suggestive symptoms, is an agreeable commentary upon more recent 
urological teaching I well recall hearing Dr C H Mayo make the 
statement years ago, that practically ever)* patient commg to the Clinic 
with a right ureteral stone had already had the appendix removed, and 
often m the presence of a left sided calculus, die pam in the latter mstance 
being mterpreted as referred pam 

One cannot say that such mstances do not occur even m diis enhght- 
ened period, but they are much less common A sudden severe pain in 
the flank, side or grom is now looked upon vrdi suspicion by both phpi- 
cian and surgeon, and an x-ray is usually taken If, as often happens, 
urinary s}miptoms are also present, and pus, blood cells, and possibh 
crystals are found in the urine, the diagnosis of hthiasis will soon be 
made On the odier hand, a predominance of gastro-mtesanal s^miptonis 
and a high blood count, so commonly encountered in cases of acute 
appendicitis, will frequendy exclude the possibiht}^ of a calculus For- 
merly the appendix was removed at once, and a persistence of s^miptoms 
attributed to the presence of adhesions, by the ume a correct diagnosis 
was finally made, an unnecessary operation had been carried out and 
much time lost Today in hospital practice, wnth aU facilities at hand, 
doubtful cases are seldom allowed to rest without a complete urological 
work up, mcludmg ureteral catheterization, retrograde and excretor\ 
urograms, and laboratory tests 

In many instances the clinical picture of mipacted ureteral calculus 
IS not tjqucal, and may be confused wnth various types of acute padiologN 
associated wnth the abdommal viscera, as w ell as cluronic diseases of the 
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gallbladder, gastxo-intestinal tract, or genital system Symptoms relative 
to calculi are caused by obstruction, by local irritation, and by super- 
imposed infecuon If calculi lodge in the ureter and remam there without 
causmg complete obstruction, they may attain an mcredible size, as m 
several mstances which came under my obseri^aaon Such large calcuh 
often give nse to symptoms so shght that they remam undiagnosed for 
years The term “silent stones” has often been apphed m such cases 
This term imphes a certain false sense of security and lends comfort to 
the patient, wliile, even in the absence of pam and urmary symptoms, 
the calculus may be slowly causing ladney destruction, resultmg m a 
progressive loss of funcuon Furthermore, the absence of a shadow m a 
plam film cannot be accepted as proof that a ureteral calculus is not 
present It has been estimated by some, that as high as 10 per cent of 
ureteral calculi will not cast a shadow While a pure uric acid stone may 
occasionally be nussed, other methods of diagnosis such as a scratch on 
a wax bulb, or the presence of a filling defect when a contrast urographic 
medium is employed, should leave a much narrower margin of error 
While discussing ureteral calcuh, I would like to call your attention 
to a phenomenon often referred to as passing gravel An attack of pain 
qmte typical of renal cohc and often associated with gastro-mtestmal 
symptoms, will be followed by hematuria, dysuna and urinary fre- 
quency X-rays are usually negative, but the urine if examined repeatedly 
will show uric acid, or more often calcium oxalate crystals, possibly a 
visible sediment, also blood cells, and as a rule pus cells When the bladder 
IS exammed, hemorrhagic areas are often observed m the mucous mem- 
brane of the trigone, bas-fond, and especially m the immediate vicimty 
of one or both ureteral orifices, which may also be surrounded by an 
area of edema The lumen of the ureter may be free, or partially 
obstructed, frequently one is able, by means of lavage of the ureter, to 
wash out a sediment of crystals These occurrences have been more 
often encountered during the spnng and summer, and have seemed to 
be associated with gastro-intestinal disturbances in patients who have 
ingested large quantities of fresh vegetables and fruits high m calcium 
content All have presented a clinical picture so clear cut, and have oc- 
curred with such regularity, that I am inclmed to believe that these obser- 
vations regardmg the etiology of this type of case are well founded 
It has been estimated that probably 40 per cent of all ureteral calculi 
will pass without mstrumentation Statistics have also shown that another 


40 per cent will pass following intra-ureteral manipulation Here again, 
as in all urological M^ork, application of the proper treatment should be 
based upon the several findings in the individual case, rather than hems 
guided only by the size and position of the calculus Surprisingly large 
calculi often pass following very little manipulation, vhile lerv snnll 
stones may resist repeated efforts to dislodge them Just what happens 
to a calculus follov'’mg an attack of colic, the number of colics, the pres- 
ence or absence of urinary infection, the amount of back pressure upon 
the kidney and resulting interference with kidney function (as evidenced 
by the ureteral and pelvic dilatation so M’^ell demonstrated by urograms 
and verified by estimations of blood chenustry) are important guides 
upon which a decision should be based as to whether intra-ureteral 
mampulaoon should be conanued or a calculus should be remoied 
surgically 

Intra-ureteral manipulation is not Muthout risk Traumatism inflicted 
by such maneuvers may lead to stricture formation, and predispose to 
infection, the latter, vhen superimposed upon a kidney subjected to 
back pressure, may result in serious damage to the kidney, endmg in a 
nephrectomy A clean-cut surgical removal of an impacted calculus may, 
in certain instances, prove to be the more conservative treatment Cer- 
tainly, gentleness in manipulation and repeated careful check-ups, 
especially of kidney function, are constant requisites v hen cystoscopic 
methods are being employed 

A series of 114 ureteral calculi under treatment smce 1931 shoved 
tv'^enty-two removed by uretero-lithotomy, niner\'-two passed folloving 
intra-ureteral mampulation, with no mortality Two patients are still un- 
dergoing manipulations, and as yet have resisted repeated attempts to dis- 
lodge the calculi Once a calculus has descended through the ureter, 
seldom is difficulty encountered in its passage from the bladder If not 
expelled at once, small stones may be removed by cystoscopic methods 

As has been stated, a large percentage of urinar}?^ calculi form in the 
kidney and pass into the ureter A certain number, hov ever, v'lll remain 
attached to a papilla, or in a calyx, or in the kidney pelvis, until the^ 
reach a size Avhich prohibits their passage into the ureter If a calculus 
becomes impacted at the ureteropelvic junction, a renal colic will ensue 
which Mill not be relieved until the stone becomes dislodcred Calculi 
lodged in a calyx or minor calyx may give rise to a dull pain in the loin, 
but seldom to a sharp colic, stones not infrequently remain in a kldne^ 
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S-imc cn<=e is Fig 6 Urogrim shous jeUic kidno Calculus m either ureter, also multiple 

^ both kidnejs Ureteril cilcuU passed follow ' t 

minipuWtion 




Fig 9 Fig 10 


Fi\e ureteral bougie« in ureter Calculus pa^^scd 
subsequentl> 


Impacted ureteral calculus Excretory urogram 
shous dilatation of ureter above the calculus Cal 
cuius passed following manipulation 



Fig 12 


Fig 11 

Impacted ureteral calculus Ureterolitliotomv 


Calculus impacted in single ureter Passed following 
manipula ion. 
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Fig 15 

H^d^oneph^oSls seconda^^ to long continued ureteral 
obstruction from calculus 


Fig 1C 

Cilculus in right ureter and left kidne^ Urctc'c* 
hthotomj and p> elonephrotom> 
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Fig 19 

Renal calculus and ruptured kidne^ 


Fig 20 

Renal calculus 



Fig 21 F'g 22 

Same case as Fig 20 Rupture of kidne> with Renal calculus 

permephntic 'vbsce«‘S 



Fig 23 

Sime case as Fig 22 Destruction of kidney paren 
chyma secondarj to calculus obstruction Neplirec 
tom> 


Fig 

Renal calculi obser\ed over a period of 20 jcars 
with slight increase in size 
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until they attain a size sufficient to fill the entire pelvis and calyces 
causing little more than a dull ache, possibly no pain at all 

It has been surprising to me, in revieiinng forty-nine cases of kidney 
stones treated during this period, to note in how many instances, m ithout 
a preexisting suspicion of their presence, renal calculi were detected in 
x-rays taken as part of a routine examination to determine the cause for 
abdominal symptoms, or for the presence of pus and blood cells in the 
urine 

Calculi have been found more often m kidneys subject to some 
interference xtnth drainage, either mechamcal, anatomical, or pathologi- 
cal Multiple calculi occurred more often in the presence of urinary 
mfection Bilateral calculi were present in eleven cases, m four of which 
no operation was carried out, x\ hile m seven, both kidneys were incised, 
an interval bemg allowed to elapse between operations Obviously con- 
servative surgery is an important requisite when bilateral calculi are 
under consideration That o\ er one-third of aU operations for renal 
calculi required a nephrectomy, is proof of the destruction of tissue that 
may result secondary to the presence of litluasis, and emphasizes the 
danger of regarding calculi as innocent or harmless even in the absence 
of symptoms 

Surgery may be contra-mdicated m certain instances of calculus 
disease In rare instances I have observed stag-horn calculi, also single 
or multiple calculi, that have remained m a kidney for periods of years, 
apparently giving rise to no untoxvard results The presence of calculi 
should, however, be regarded as a potential hazard to the mdividuals 
who harbor them, and such mdunduals should be subjected to periodic 
examinations Of forty-nine kidney operations for renal stone during 
the period from 1931, seventeen required nephrectomy, eleven nephro- 
lithotomy, and runeteen pelviohthotomy, with no operative mortahty 

A combinauon of renal and ureteral stones has been frequently 
encountered, in three mstances calculi were present in both kidneys and 
both ureters The management of such cases calls for the best of surgical 
judgment The migration of kidney and ureteral calculi necessitates an 
x-ray of all patients harboring stones of small size immediately preceding 
operation In the presence of multiple calculi, an x-ray of the kidney 
before the patient leaves the operating table is an important safeguard 

V esical calculi are, in most instances, primarily renal calculi that have 
descended into the bladder and, owing to the presence of some path- 
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olog}^ in that organ M^hich interferes with its complete emptying (most 
often prostatic obstruction or a diverticulum), remain m the bladder to 
increase m size A^^here tliere is urmar)’- retennon and alkaline decom- 
posmon, calculi may form primarily in the bladder, mcrustanons are 
also frequently associated vuth tumors of the bladder ^^eslcal calculi are 
rarely found in the female, and when present, have as a rule a foreign 
body as a nucleus 

It is difficult to believe diat vesical calcuh could, in the hght of present 
methods of diagnosis, be overlooked and remam in the bladder to attain 
large size, and yet m this recent series m v Inch tv ent)’-three bladder 
stone cases are included, tv elve varied m size from that of an English 
v^alnut to a hen’s egg Regarding their composition, an occasional stone 
may be nearly pure uric acid or calcium oxalate, but a lamellated struc- 
ture IS more commonly found in which phosphates and carbonates are 
mixed V ith the above 

Small vesical calcuh give rise to more acute symptoms than larger 
ones, for the same reason that apphes to renal calcuh, i e , small calculi, 
by engagmg m the vesical orifice, are able to obstruct the oudet of the 
bladder more completely, and also, m motnng about more freely they 
cause more irritation of the mucous membrane 

The early symptoms of stone in the bladder— frequency, urgency 
hematuria and pyuria— are often attributed to prostatic obstruction As a 
calculus increases in size, the S}'Tnptoms may become less severe, and 
paaents may go on for years vnth urgency and frequency by day v hen 
a plam x-ray film \vould reveal its presence In fourteen of the twent^'- 
three recent cases, the calculus or calculi \vere removed mcident to a 
prostatectomy or prostatic resection, vffiile rune others v ere successfully 
removed by litholopaxy or cystotomy 

Litholopax)7- IS an entirely satisfactor)* procedure when employed in 
suitable cases, and vffien carried out by one familiar VTth the techmque 
In the absence of traumatism, this operation results in a great saving of 
time to the patient A prelimmar)'’ transurethral resection may be advis- 
able m one case, while m another the calculus may be crushed and 
evacuated, and a resection or prostatectomy employed as a subsequent 
procedure Such mampulations require distmcdy more skill for their 
execution than do open operaaons, the results, ho^vever, m properly 
selected cases, are brilliant The kidneys frequently are subjected to a 
severe degree of back pressure from the presence of vesical calcuh. 
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especially calculi of large size, caution is therefore necessars’" in the 
preparation of these patients for operation Too sudden a relief of back 
pressure may result in uremia 

Prostatic calculi are encountered as small seed-lilte bodies (usually 
found at prostatectomy and located between the hypertrophied prostate 
and Its capsule) or as definite calculi, usually multiple, and commonly 
composed of calcium oxalate True calculi may be palpated as hard areas 
in the prostate, unless crepitus be elicited, they may easily be confused 
nnth carcinoma of the prostate An x-ray, however, differentiates the 
two conditions at once 

Calculi may remain in the prostate for years and cause no symptoms, 
hon-^ever, ndien infection supeir’enes, relief can seldom be obtained by 
any means short of a removal of the prostate Of sixteen cases of prostatic 
calculi observed during this same period, eleven were treated by pro- 
statectomy while five had symptoms of such a mild nature that they 
have been made comfortable by local treatment 

Urethral calculi (under which one excludes prostauc calculi that 
may have become dislodged) represent renal or vesical calculi which in 
their passage have become engaged in the urethra One patient m this 
series suffered from six such impactions The calculus m each instance was 
withdrawn with forceps In two cases the calculus ti^as pushed back into 
the bladder and removed with the cystoscopic rongeur In another case 
an external urethrotomy tvas necessary for the removal of the stone 
A complete urological n ork-up of every case of lithiasis is necessary 
before deciding whether the treatment to be applied should be surgical, 
or whether cystoscopic manipulations are mdicated, or m the presence 
of contra-indications to the above, whether one should depend upon 
medical measures in the hope of controlling the disease 

With the removal of a calculus, treatment has but begun The elimi- 
nation of urinary stasis is an important step, urinar)^ infection should be 
eradicated, a familiarity with all elemems entering into the etiology of 
stone formation is essential, that a proper regimen may be msatuted, for 
only by such means may a recurrence be prevented 

The recurrences that I have encountered durmg the past slx years 
have, with one exception, occurred in cases of multiple stones, one was 
m a case of bilateral single renal calculi, the composition of the ston^ 
being reported as pure calcium oxalate, a second was in a case of mulaple 
bilateral renal oxalate stones, a third had multiple renal and ureteral 
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calculi composed of calcium and magnesium phosphate, and a fourth 
was a case of multiple vesical calcuh composed of calcium oxalate and 
calcium phosphate (both of the latter had a strongly alkaline urine), 
a fifth case had a recurrence of a renal calculus of pure uric acid composi- 
tion In these cases ever}’ effort was made through the establishment of 
satisfactory urmar}’' dramage, the ehminauon of foci of infecnon, 
mcreased elimmaaon from the mtestinal tract, the emplo^onent of a strict 
dietar}^ regimen, supplemented by repeated studies of blood chemistn- 
and metabolism, and local treatment of the kidneys by pelvic laiage 
to ehminate aU constitutional and local factors which might predispose 
to calculus re-formaaon 

In the cases presentmg recurrent oxalate and uric acid calcuh con- 
stipation was a predormnant predisposing factor which was difficult to 
reheve Each of these cases continued, notwithstandmg the above meas- 
ures, to show calcium oxalate cr}’stals m the urme One case v as lost to 
obsen^ation after six months of treatment, stiff harbormg a recurrent 
renal calculus of mcreasmg size Two were reoperated (one mice), but 
have been free from further recurrence for three and four years 
respectively, although one soil shows oxalate cr}'stals m the urme from 
time to time The tivo cases of multiple phosphanc stones were reoper- 
ated, one by cystotomy and the second on the opposite kidney and both 
ureters They have now been free from calculi for two and four years 
respectively, although mtemuttently they both show tnple phosphate 
crystals m the urme Acidificaaon of the urme has not alwai’s been 
possible However, sulfanilamide has been of decided value m elimi- 
nating the proteus infection so often present in these cases Dissolunon 
of calcuh, except m one case of cystmuna obsen-ed eighteen years ago, 
has not been observed 

In concludmg these remarks I vish to emphasize the necessity’ of 
bemg ever alert to the possible presence of a calculus as a cause for 
urological or general symptoms, whether clear-cut or vague, or as an 
eaological factor m pyuna and hematuria, that every case presentmg 
suspicious s\Tnptoms, or pus, blood, or crv^stals m the urme should at 
least have a plam x-ray film, that the presence of a calculus is alv ays a 
liabihty to the mdividual who harbors it, and that the best of judgment, 
based upon a complete urological and general physical work-up, is neces- 
sary to apply proper treatment mteffigently and prevent a recurrence 
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EDEiMA AND ITS TREATMENT* 
Dana W Atchley 

Associate Professor of Atedicine College of Physicians and Surgeons 


T HAS been our good fortune m the last two or three dec- 
ades to see many of the manifestations of disease subjected 
to genume scientific analysis Hitherto, classical clinical 
descriptions had merely enumerated these manifestations, 
designatmg them by the major diagnosis with which they 
were associated Thus, we spoke of nephritic edema, cardiac edema or 
mflammatory edema With the new analytic pomt of view it is necessary 
to discard this elementar)'’ identification and perform what may be called 
a physiological dissecuon, arriving thereby at the underlymg mechanisms 
concerned in the production of edema in each individual case 

It is necessary, therefore, in discussing with you the problem of 
edema in nephritis to review the basic forces concerned in causmg an 
increase of water in the mtercellular spaces, 1 e , edema Time hmitaaons 
prevent an exhaustive presentauon of all the facts, hence I shall try to 
include only fundamental principles, first a brief exposioon of the physio- 
logical equilibria whose alterauon leads to edema formation, and then an 
analysis of the important types of Bright’s disease for the presence of these 
alterations Of necessity, such a program is further hmited by constant 
collision with the barriers that still separate us from the unexplored fields 
of knowledge It is only by comparison Avith the lack of understanding 
of twenty-five years ago, that the physician can indulge in a complacent 
attitude as to present knoAvledge 

The interstitial fluids are kept constant m the normal person by a 
remarkable balance between the physical pressure of the blood in the 
capillaries, derived primarily from the heart beat, and the osviotic pres- 
sure of the plasma, derived essenually from its proteins This is the famous 
Starhng hypothesis Many careful investigations have proved that this 
hypothesis stands the test of quanntative analysis and that the exact fig- 
ures for the two pressures expressed m equivalent terms, such as milli- 

•From the Department of Medicine College of Physicians and Surgeons Columbia Unirersitj and 
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meters of mercury, have die appropriate relaaonships At the artenal 
end of the capillar}*, the physical pressure exceeds the osmotic pressure 
so that flmd moves out mto the tissues, at the venous end of the capiUan 
the osmotic pressure is mcreased by the concentration resulting from this 
loss of M ater and the physical pressure is decreased for similar reasons, 
so that flmd then passes back mto the capillar}’' Experiments on animals 
have sho^\Tl that the physical pressure on the arterial end is approximatelv 
twice that on the venous The net result of this d}Tianuc equihbnum 
betw een filtranon and reabsorpaon is the maintenance (m the normal") 
of a constant water content m the mterceUular spaces Disease, hov e\ er 
can change eidier the capillar^’' blood pressure or the osmotic pressure to 
such an extent that normal conditions cease to exist Under these circum- 
stances edema may then appear Even m the normal, it is possible to 
cause shght edema of the ankles by standmg over long periods of nme 
addmg thereby, the pressure of gravity* to the normal capillary* pressure 

Exact measurement of only one of these pressures is possible m the 
light of our present knowledge This is the osmoac pressure, u hich can 
be determmed by an estimation of the serum proteins Factors are knovn 
thereby the percentages of alburrun and globulm can be accuratelv 
translated mto osmotic pressure as millimeters of mercury* but the simple 
protein percentages are adequate for pracacal clmical use The ph^’Sician 
\\ ho is unaware of the necessity* of such information m the treamient of 
edema, wherever it appears, is hable to man}* confused mterpretanons 
of his madequate data ^Ve shall return to this phase of edema m hen dis- 
cussmg nephrosis 

The hydrostatic pressure m the capillary is difficult to determine 
experimentally and almost impossible climcally The nearest approach 
at the bedside is b}^ means of inference based on the venous pressure 
Although this may be on some occasions an ill-justified inference, par- 
ticularly when the venous pressure is normal nevertheless few cases of 
edema can be thoroughly appraised without it 

Another important factor m the causanon of edema is the state of the 
capillary wall It is well-knoMm that localized edemas such as those due 
to trauma, inflammation, or toxms are dependent upon an increase in the 
capillary pores with the consequence that an abnormal escape of plasma 
IS permitted Although this mechamsm of edema formation is easilv 
studied experimentally when it is due to local or external causes its role 
in general diseases, such as acute nephritis, is quite speculative and cer- 
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tainlr lacking in M^elkproved facts It has been assumed, with obvious 
justification, that edema fluid formed by the seepage of plasma through 
an o\ erl\ permeable capillary membrane at^ould have a higher protem 
content tlian that accumulating because of an alteration of the pressure 
relauonships across a normal vessel wall This assumption has been con- 
firmed by analysis of the protein content of fluids accumulating in many 
types of experimental edema When the underlying cause is a low 
osmotic pressure, the protein concentration is small, around o/i per cent, 
but xvhen the edema is produced by capillar}'^ poisons, such as histamine. 
It IS rich in protein ( i /o per cent) The application of these facts to 
the study of certain types of nephritis will be mentioned later 

The 1 arying elasticity or resistance of the body tissues has a deter- 
mining effect on the location and rate of edema formation In chronic 
edema this tissue resistance may be decreased and hence edema is pro- 
duced more easily 

Anoxemia probably contributes its share in the tendency to edema 
by Its eff^ect on the capillary wall Although the dilatation that is part of 
this reacuon would cause a drop m pressure, the dilated vessel xvould 
tend to become more permeable to protem Indeed, rarely does a smgle 
mechanism of edema formaaon act without secondary effects which 
tend to set off one or more of the other basic factors The result is a 
complicated interrelationship of forces with the development of several 
\icious cycles 

Renal function cannot be ignored in discussmg the causes of edema 
since the removal of water by the kidney is one of its important contri- 
butions It IS quite possible to cause edema by forcmg fluids on a patient 
anuric from mercurial poisoning or on an uremic patient whose kidneys 
are badly damaged by nephritis In the latter instance there may remain 
an inadequate number of glomeruli to handle a large intake of water 
It IS possible that in acute nephritis renal ischemia may contribute to the 
tendency to edema 

The influence of various salts, particularly sodium chloride, on edema 
has been long known to students in this field Due to easier analytic 
methods chlorine was at first thought to be not only more significant 
than sodium but a primary cause of edema Years later, Blum’s work 
made it evident that sodium was the essenual element, in fact he proved 
that other chlorides such as calcium or ammonium chloride had an 
exactly opposite effect upon the edematous patient from sodium chloride, 
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causing diuresis instead of water retention Blum considered the influ- 
ence of sodium on edema to be a specific ion effect 

Loeb and I have conducted electrolyte balance studies which lead 
us to believe that no such specific effect e\ists Comparative obsen ations 
of the effect of sodium upon a normal man on a salt poor diet and upon 
a nephrotic patient made it apparent that there was no qualitative differ- 
ence between the results in the two individuals Both retained sodium 
and water, the nephrotic mdividual with his disturbed osmotic equilib- 
rium, retained a great deal more, of course, but the general physiological 
effect of sodium on his total water balance demonstrated nothms that 
could be called a specific ion effect 

If one assumes, and it is obviously true, that no extracellular fluids 
can exist m the body unless they contain a certam concentration of 
sodium, then no increase m these fluids can take place unless more sodium 
IS available It is apparent, therefore, that restriction of the amount of 
sodium m the diet of an mdividual with a tendency to develop edema vill 
be a limiting force on its accumulation Conversely, an excess of sodium 
will accelerate edema formation, when the basic equihbria are already 
altered in that direction The essential influence, then, of sodium and its 
salts IS a nonspecific one No one can deny that there exist m the literature 
of this subject, many instances of salt effects that seem to fall outside 
this simple concept but they are merely evidences that the unexplored 
area is still large They do not preclude m any way, tlie conclusion that 
sodium restriction is a fundamental therapeutic measure wherever the 
general tendency to edema exists 

We may now turn to a consideration of die various types of Bright’s 
disease and analyze them for the mechamsms which I have outlined in 
the foregoing discussion The most difficult and unsatisfactory’' type is 
acute nephritis The sudden onset of this type of edema and its wide 
distribution have led many clinicians to suggest tiiat capillary’' damage of 
some unknown origin must be the basic disturbance Although there is 
no histological support for this idea, there is other confirmatory’ evidence 
Most important is the high protein content of the edema fluid in acute 
nephritis as reported by various xvorkers I stated a fev’ moments ago, 
that the damaged capillary allows plasma protein to seep through its 
V alls and that it xvas conceivable that the amount of protein in edema 
fluid may constitute a gross index of capillary damage Therefore, since 
the protein content of edema fluid is high in acute nephritis, it has been 
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assumed that the capillaries are in some way abnormal This view, 
though wndely held, has no direct therapeutic implication because the 
capillary poison has never been identified 

Another hypothesis concermng the edema of acute nephritis holds 
that there are profound changes in capillary blood pressure, 1 e , the 
physical pressure Direct measurements have given varymg results and 
are most unsatisfactory because of the crudeness of the methods It is 
true that the arterial pressure is often elevated and we have been inter- 
ested at the Presbyterian Hospital to find the venous pressure, also, above 
normal on several occasions Further study is indicated It is possible that 
more frequent venous pressure obsen^ations might lead to a better under- 
standing of this type of edema Cardiac suppoit would certainly have to 
be considered in the presence of a rising venous pressure, and one might 
be able to forestall the acute cardiac failure seen occasionally in this 
disease 

The brightest spot m this analysis of the causes of edema in Bright’s 
disease is found when we turn to the nephrotic syndrome Under this 
headmg are included true or lipoid nephrosis, the nephrotic stage of 
chrome glomerular nephritis and amyloidosis of the kidney The most 
obvious cause of the edema that is so characteristic of these diseases is a 
lowered plasma osmotic pressure due to a strilcmg decrease m serum 
albumm Although Richard Bright over 100 years ago pointed out that 
the plasma in nephritis is often poor m protein, it was Epstem in 1917 
who first called attention to the clmical apphcation of the Starling 
hypothesis Epstein shouted that a low serum protem imphed a lowered 
osmotic pressure and that thereby the equilibrium bem een capillary 
blood pressure and plasma osmotic pressure was altered m a direction 
that would further the collection of fluid m the ussue spaces It was sub- 
sequently proved that this decrease in serum protein is almost evclusivelv 
in the albumm fracGon so that the normal albumm-globuhn ratio is 
reversed Smee the albumm molecule is much smaller than the various 
globuhn molecules, it e-ierts a proportionately higher osmotic pressure, 
consequently, its loss from the blood stream causes an e^ en more serious 
dimmution m plasma osmotic pressure than was suspected from t e 
origmally obsen^ed decrease m total protein Further confirmation of 
this concept is found in the fact that only a small amount of protem 
appears m edema fluid from this group of cases, an obsen ation n c 
seems to indicate a relatively mtact capillar^’ wall 
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There can be no doubt that lowered osmotic pressure plays an impor- 
tant role m the production of edema in the neplirotic individual Onus 
Sion, therefore, of careful determmations of this constituent from the 
clinical appraisal of such individuals with edema or indeed any pauent 
vuth edema is excusable solely on the basis of total lack of laborator) 
facilities We cannot by any known method stop the forces decreasing 
the serum albumm in these cases, hence, the rational therapeutic indica- 
tion in the nephrotic type of edema is restoration of the osmotic pressure 
of the blood No satisfactory method for domg this by increasing the 
plasma proteins is yet available High protein diets have been disappoint- 
ing as far as elevation of the serum protem levels is concerned, but it is 
obvious that the great loss of albunun in the urine requires a more than 
average protem intake Certainly protein restricnon is most unwise In 
the usual case, loo gms of protein a day wdl maintain a positive nitrogen 
balance An effort to add to the protein content of the blood by trans- 
fusions IS expensive and the benefits are not at all spectacular It is not a 
therapy to be summarily discarded but it is usually rather disappomting 
Another rational method of raising the osmotic pressure would be 
the infusion into the blood stream of a substance whose molecules were 
so large that they could not pass through the capillary wall They would 
thus exert osmotic pressure in the same fashion as do the plasma proteins 
themselves Gum acacia is such a substance and its use does cause diuresis, 
although not in every instance Recent work by Lepore seems to indi- 
cate that the chief effect of gum acacia is to increase the blood volume 
and this author believes that the diuresis follows an increased glomerular 
filtration derived therefrom Lepore suggests the use of 500 cc of 6 per 
cent acacia in normal saline on three successive days It is only fair to 
add that some workers report severe reactions to these acacia treatments 
As we turn from our discussion of the nephrotic type of edema, it 
IS necessary to add that although a lowered osmotic pressure is the chief 
etiological mechanism and the only accurately measurable one, never- 
theless, any clinician experienced in this field has seen instances of a wide 
discrepancy between the serum albumin levels and edema accumulation 
or diuresis These situations remain unexplained 

Chronic glomerular nephritis often reaches the uremic or pre-uremic 
stage without edema formation, in fact dehydration is a more common 
complication in severe uremia When it does appear, however, it may 
be the resultant of several mechanisms occurring separately or in various 
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combinauons It is rarely massive or extensn e 

A decreased plasma osmotic pressure may occur in the uremic stage of 
chronic glomerular nephritis, and its degree of disturbance be appraised 
by a study of the serum proteins A low serum albumin is occasionally 
the residue of a preceding nephrotic stage On the other hand, it may 
be in part the result of malnutrition due to anorexia or \ omiting Rarely, 
hou e\ er, does the fall in protein content from either cause reach le\ els 
at which edema formation is inevitable Another common factor is 
circulatory failure Cardiac hypertrophy and insufficiency often appear 
in the terminal stages of chronic nephritis The consequent venous con- 
gestion raises the capillar)’’ blood pressure and edema results Direct study 
of the venous pressure throws light on this type of pathological physi- 
ology Digitalis and rest as in any cardiac insufficiency are indicated here 
Severe anemia may complicate the uremic state and add its not too well 
comprehended effect, possibly anoxemic, in the direction of edema for- 
mation Transfusion will help the anemia and also be of some benefit to 
the plasma protein levels However, if cardiac failure exists, transfusions 
must, of course, be ordered with some caution 

It IS apparent from the foregoing discussion that each t^’pe of Bright’s 
disease must be carefully appraised in order to determine the mechanisms 
which are producing the edema existing in that particular case The 
rational therapy applicable to each mechamsm is derived from these 
physiological indications 

In addition to this specific therapy, there are a few general principles 
that obtain m the treatment of any form of edema Foremost among 
these IS sodium restriction Even before edema accumulates in large 
enough quantities to cause any sub)ective reactions in the patient, it is 
advisable to mstitute a rigidly salt-poor regime Practically, this means 
the preparation of all foods without salt and the avoidance of medi- 
cations containing sodium chloride or bicarbonate Not infrequently a 
patient on such a regime is discovered using a saline mouth wash or 
bicarbonate tablets for dyspepsia The so-called salt substitutes are of 
little value as condiments and usually are sodium salts of some organic 
acid Potassium chloride in a shaker has been recommended but most 
patients refuse it Water restriction is of less value, but it is wise to keep 
total fluids down to 1500 cc This is particularly true when cardiac 
insufficiency plays a role 

It IS often necessary to stimulate the ehmination of edema before the 
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underlying disease process has yielded to treatment or has run its natural 
course Although there is rarely any place for this approach in acute 
nephritis, it is at tunes of real benefit in the neplurotic syndrome This 
leads us to a discussion of the diuretics It may be stated in general that 
when a diuretic is successful in producmg a large flow of urine it is 
rarely harmful and it is equally true that continued administration ivith- 
out such effect is disturbing to the patient and mdeed may be dangerous' 
The most innocuous diuretics are found m the so-called saline group, 
consisting of calcium, ammonium and potassium chlorides or nitrites 
They may react poorly upon the stomach and in the presence of severe 
renal insufficiency may produce rapid acidosis, but usually can be taken 
over long periods without trouble This applies particularly to the cal- 
cium and ammomum salts Unfortunately, they do not always stimulate 
urmary output The usual dosage of ammonium or calcium chloride is 
5 to 10 grams a day Another harmless but less successful diuretic is urea 
It IS given m doses of 1 5 grams three times a day Theocm and diuretin 
are examples of another group— they too are harmless but not very potent 
The mercurial diureacs such as salyrgan or mercupurm have the 
highest percentage of successful results, both as to the number of indi- 
viduals respondmg and the amount of urine excreted following adminis- 
tration of the drug Use of these drugs subsequent to a few days of 
ammonium chloride ingestion, produces a much larger diuresis than 
either the sahne or the mercurial alone The benefit of the salt usually 
appears after there is a moderate drop m the blood carbon dioxide, such as 
5 to 1 o vol per cent A typical diureuc course of ammonium chloride and 
mercupurm consists of four days of daily 6 to 8 gm doses of ammonium 
chloride followed by 1 cc (or if glomerulonephritis exists only 0/5 cc ) 
of mercupurm intravenously If this is not successful the ammonium 
chloride should be contmued and m two days 2 cc of mercupurm 
injected If there is a striking diuresis one can continue the ammonium 
chloride mdefimtely with mercupurm every five to seven days, unul the 
edema has disappeared If the first dose in glomerular nephritis is unsuc- 
cessful, the use of mercupurm should be discontinued Urine examina- 
tions should be made every nvo or three days for the appearance of an 
increase m red blood cells Mercupurm has been successfully used in 
the form of rectal suppositories Although I have used mercurial diureacs 
conthout harm m true nephrosis, I have hesitated to give it m the 
be thhrotic stage of chronic glomerular nephritis, where the kidneys are 
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presumably in. a state of subacute inflammation However, other workers 
ha\ e done so, particularly in children, with no apparent harm— although 
the estimation of such harm would be difficult unless it were very severe 
I would advise strongly against the use of this type of diuretic in patients 
M^ho show eyidence of decreased renal function 

Sn'eating, purging and colon irrigations are therapeutic procedures 
of real detriment to the general condition of the patient and moreover 
are far afield from the basic problem Hence we feel that they have no 
place m the treatment of Bright’s disease m any of its various forms 
It IS apparent as I conclude this discussion that there has developed in 
recent years a gratifying array of knowledge concerning the various 
t^'pes of Bright’s disease But it is also clear that there are many hazy 
areas and much more yet to be learned We have just scratched the 
surface, mdeed we have not even done that in the field of basic etiology 
It IS all the more necessary, therefore, to be meticulous and energetic 
students of such facts as are contemporarily available 
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MANAGEMENT OF TUMORS OF THE KIDNEY 

AND URETERS 

Archie L Dean, Jr 
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IE purpose of this paper is to discuss briefly the natural 
history, chnical findings, and treatment of the three most 
common tj’pes of kidney tumors, namely, M^ilms’ embr}’-- 
onal adenosarcomas, tumors of the parenchyma in adults, 
and papillomas and epidermoid carcmomas of the pelvis 
and ureter Probably the end results follo\nng the treatment of renal 
tumors have sho\vn less improvement than has occurred m any other 
diseases of the gemto-urmar^^ organs In spite of many brilhant advances 
m the pracuce of urology the fate of the pauent Ainth a kidney tumor 
today is httle better than it was twenty years ago These tumors are 
characterized by their “silent” development The greater part of their 
life history can take place without the production of any S}Tnptoms 
When they do arise, the symptoms may not appear urgent Physical 
findmgs are rarely pathognomomc and if the majority’' of cardmal diag- 
nostic signs are present the disease is usually far advanced and often 
uncontrollable unth present methods 

The difiiculaes of the problem should stimulate physicians to greater 
alertness m discovermg these tumors m earlier stages and applying tlie 
best treatment promptly The laity should be taught the value of periodic 
physical exarmnaaons and the advisability of consultmg their physicians 
\nthout delay if symptoms occur 

Wdms’ embryonal adenosarcomas are congenital rmxed tumors of the 
kidney anlage The average age when this tumor first appears is about 
three years, although it has been found m the seven months fetus and has 
affected adults It is exceedmgly rare after the age of seven years Studies 
of the tumors of childhood show M^ilms’ tumors to be second m fre- 
quency only to tumors of the eye A^hthout doubt they are the most 
common tumors of the gemto-urmary tract 

It IS impossible to discuss the extensive literature concernmg the 
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genesis of W ilnis tumors It seems reasonable to suppose, however, that 
since these tumors nny vary so markedly in the degree of differentiation 
of their component cells and in the number of tissues represented, they 
probably originate at different developmental periods of the embryo 
A^hlms’ tumors may be located m any part of the kidney parenchyma 
although the low er half of the organ seems to be involved most fre- 
quently in contrast to Grawutz tumors in the adult The growah is ahvays 
within the renal capsule unless the capsule has been ruptured The 
encapsulation of Wilms’ mmors has often been emphasized It so com- 
pletely separates the uimor from the renal parenchyma that the growah 
IS described as being “in” the kidney but not “of” it That portion of the 
kidney w^hich is not destroyed may mamtain its usual shape but it looks 
like a cap fitting on the tumor 

fVilms’ tumors usually remain wirhm the renal capsule until they 
reach a huge size After the capsule is ruptured they grow aggressively 
by direct extension From the retroperitoneal tissues adjacent to the 
kidney they spread to the omentum and nearby organs of the peritoneal 
cavity and may affect all the abdominal viscera The w^alls of large blood 
^ essels, especially vems, and the ureters have been destroyed Even the 
diaphragm offers only slight obstruction 

The veins w ithin the tumor are large and their w alls are thin and 
fragile Frequently they rupture spontaneously and often they are 
invaded by tumor cells As a result, although extension does take place 
through lymphatics, the earliest demonstrable metastases are blood-borne 
and are found in the lungs and brain 

As the tumor grow s m the infant there is a gradual distenuon of the 
abdomen accompanied by constipation and malaise After a time, quite 
by accident m the majority of cases, a mass is discovered in one side of 
the abdomen If growth is not stopped it is usually not long before there 
IS a sudden augmentation of symptoms such as vomiting, loss of weight, 
asthenia, anorexia, increased rate of tumor growah, and the appearance 
of tortuous, dilated, superficial veins It is of only academic interest that 
soon ascites is present, emaciation becomes marked, the abdomen enlarges 
tremendously, and probably metastases become obvious Death follows 
from cachexia or intercurrent disease 

The first symptom in our twenty-four pauents w as 

1) accidental discovery of a mass in the abdomen, 64 per cent 

2) pain in the loin or abdomen 1 6 
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3 ) asthenia and malaise 1 2 per cent 

4) hematuria 4 “ “ 

5) frequency of urination 4 “ “ 

Hematuria, usually unaccompanied b)’- pain, is noted in between 10 

and 25 per cent of children Muth Wilms’ tumors This is in contrast to 
the much greater incidence of 75 to 85 per cent found m adults with 
parenchymal tumors The difference can largely be accounted for by 
the encapsulation of Wilms’ tumors Not infrequently the bleeding is 
from the congested parenchyma of the kidney rather than from the tumor 
proper Hematuria is always intermittent and recurs at irregular intemls 
The blood is diffused throughout all of the voided urine 

Pam IS seldom an important symptom It may be colicky, associated 
with constipation, or it ma}’’ occur when the rapidly growing tumor 
exerts tension on the renal capsule or traction on adjacent organs In 
babies this pain is difficult to evaluate 

Urinary signs are usually insignificant and ummportant This again 
IS probably due to the separation of the tumor by its capsule from the 
renal pelvis and parench}Tna Erythrocytes are sometimes found on 
microscopic examination but normal bladder urine may be found many 
times especially vdien the diseased kidney does not function because of 
pressure atrophy Urinalysis may aid m detecting the onset of infection, 
and the appearance of albuminuria is noteworthy when it follows 
pressure on the tumor 

A palpable tumor is a most important obsenmtion in either a child 
or an adult, but in a child it may be the only diagnostic sign There may 
be great difficulty in feeling the tumor if the child is obese Also in young 
children the kidney normally lies deeper in the pelvis than in adults, 
someumes extendmg as low as the crest of the ilium Careful bimanual 
palpation of a Wdms’ tumor may demonstrate its location, size, shape, 
consistence, mobility, and tenderness to pressure The surface is usuallv 
smooth, although in later stages it may be lobulated When necrosis 
occurs or hemorrhage takes place into its substance the tumor may feel 
as soft as in hydronephrosis Mobility largely depends on the amount of 
available space remaining in the abdomen because primary tumors are 
seldom adherent and usually move with respiration 

Because the most careful general physical examination can not prove 
the presence of a Wilms’ tumor and because at the time a suspicious 
mass IS discovered the disease is far advanced, other diagnostic measures 
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must be carried out m ithout delay In most cases excretorj^ pyelography 
will show what appears to be an enlarged kidney -with characteristic 
pressure deformities of the pelvis and calyces However, poor function 
or complete obliteration of the pelvis and calyces may render this test 
unsaasfactory At this time, if not before, the patient should be referred 
to a urologist It should be common medical knowledge, unfortunately 
It IS not, that a complete cystoscopic exammation with ureteral catheter- 
ization can be performed vnth little difficulty on the youngest infant of 
either sex These procedures with retrograde pyelography should be 
sufficient to establish the diagnosis and determine the funcaon of the 
opposite kidney Under no circumstance should the tumor be mcised to 
obtam material for a microscopic examination This ih-chosen operation 
destroys the capsule of the tumor and permits more rapid and widespread 
gro^vth 

Until recently surgery alone was employed m the treatment of 
Wilms’ tumors and the results were bad No figures are available, but it 
is questionable if i per cent of the patients survuved five years Prmcipally 
because of their embryonal nature but also because they had other char- 
actenstics m common with tumors whose high radiosensitivity had been 
proved, radiation was first applied to Wilms’ tumors about fifteen years 
ago Although the patients were few and the disease m all was hopelessly 
advanced such marked regressions were observed that the recommenda- 
tion was made that all Wilms’ tumors which had not spread beyond 
the kidney should be irradiated and removed If metastasis had occurred 
irradiation alone should be used The recommendations concerrung 
nephrectomy are now withdraivn Personal experiences and those of 
others have shown that even after sufficient irradiation has been given to 
cause disappearance of the tumor and an apparently complete nephrec- 
tomy has been performed, local recurrences or metastases usually follow 
Furthermore, microscopic exammations of the irradiated tumors showed 
a considerable amount of apparently unaffected tumor tissue remaimng 
It became evident that either not enough irradiation had been given or 
the tumors had been removed too soon for full irradiation effects to have 
become established On the other hand if sufficient irradiation can be 
given to cause complete disappearance of the tumor and enough time 
elapses for cellular devitalization to take place, why operate^ Therefore 
we now treat Wilms’ tumors in whatever stage they may be xvith irradia- 
tion alone and the results so far are better 
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The region to be treated extends from the anterior midline to the 
posterior midline of the body on the side containing the tumor Four 
portals are outlined in this area The width of each portal is one-fourth 
of the semicircumference of the infant’s body over the tumor and the 
length of each is the distance from the upper to the lower ends of the 
tumor In practice the portals are about ten by five centimeters in size 
Using the 200 kilovolt Roentgen-ray unit at fifty centimeters’ distance 
with one-half millimeter of copper and one millimeter of aluminum as 
filters 200 7 may be given daily to a single portal 

In the majority of cases regression can be observed in a few days and 
it may be so rapid that a large tumor will disappear in two \veeks When 
the tumor has definitely become smaller the daily dose should be reduced 
to 100 7, an amount which can usually be well tolerated until treatment 
IS completed Since the minimum dose required to control these tumors 
IS unknown, irradiation is continued to full skin tolerance Usmg the 
portals in turn it is possible to give 3,000 7 to each without producing 
more than an erythema in the skin In a three year old infant of average 
size this treatment will deliver about seven threshold erythema doses to 
the region of the renal pedicle 

The greatest care must be observed when irradiating young children 
because they are relatively intolerant to the agent The diet should be 
carefully chosen to maintain general health and blood of high quality 
An examination should precede each daily treatment Blood counts 
should be made at three-day intervals and roentgenograms of the chest 
should be taken every two weeks for the first few months Excretory 
pyelograms made every tvm to three weeks will usually show the amount 
of tumor regression Should the patient become anemic or the white 
blood cells fall below 2,000 per cubic millimeter, transfusions are 
indicated 

The writer realizes that it may seem quite radical to eliminate sur- 
gery completely in favor of irradiation m all cases of Wilms’ tumors 
However, no one can question the fact that the primary tumors markedly 
shrink under irradiation For this reason and because radiation is now 
vadely available the time has passed for any surgeon to attempt the 
removal of a growth weighing one-fourth or more of a child’s enture body 
weight, nor is it necessary to use the more hazardous transperitoneal 
approach 

A preoperative cycle of irradiation can be given by using the same 
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factors described above except that the use of three portals rather than 
four saves time No attempt is made to give a defimte total quantity of 
radiation because nephrectomy is performed when the tumor has 
regressed to approximately the size of a normal kidney In operating the 
greatest care must be taken to avoid rupturing the tumor capsule because 
if any of the groM th spills into the wound prompt local recurrence is 
the rule 

Metastases should be mradiated with fractional doses applied through 
as many portals as the affected part of the body permits Secondary 
deposits which can be discovered, such as those m the lungs, wiU often 
disappear under treatment, but m our experience the patients succumb 
to other metastases, usually m the bram, which were undetected unal 
late symptoms such as comnilsions or paralysis occurred 

No comprehensive study of the end results of radiation therapy in 
Wilms’ tumors has been made because, to my knowledge only two pri- 
mary operable patients have been treated with irradiation alone Each 
IS a healthy, growing child without demonstrable evidence of disease, 
one fourteen months and the other four years after treatment was started 

Between the ages of seven and forty years, kidney tumors are 
extremely rare The great majority of adult tumors occur in patients 
benveen forty and swty, -with fifty-two years the average age of greatest 
frequency 

There are several histologically different tumors of the renal paren- 
chyma in adults At present their etiology is obscure ^^^e wiU discuss 
only the most common, which are adenocarcinomas originatmg from the 
epithehum of renal tubules Clear celled and granular celled varieties are 
commonly described but beyond the fact that clear celled tumors are 
more likely to be smgle, encapsulated, orange m color, and hemorrhagic, 
while granular celled tumors are more frequently multiple, non-encap- 
suiated, white, more cellular and less vascular, the clinical differences 
are unimportant The tumor begins m some portion of the parenchyma, 
either the cortex or the medulla, and grows by expansion and infiltration 
It seems to be a characteristic of these tumors to grow toward the pelvis 
and penetrate it When this occurs hematuria follou s From the pelvis 
the growth may steadily continue down the ureter for a considerable 
distance, but it does not give rise to secondar}'' tumors in either the ureter 
or bladder The renal capsule is a natural barrier, but the unchecked 
tumor is likely to destroy it after a time and extend widely in the perirenal 
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assues While encapsulauon of adult tumors is not unknown, it is rare 
compared with the regularity of encapsulation of Wilms’ tumors Pnn- 
' "cipally for this reason the symptoms of embryonal and adult tumors are 
different However m most cases no symptoms arise for a considerable 
time In these adult tumors the walls of the blood vessels are thin and 
friable They often rupture spontaneously with the production of hemor- 
rhagic infarcts and areas of necrosis Tumor cells frequently perforate 
the dehcate walls of the vessels and may break away and travel through 
vems to set up secondary deposits in the lungs, liver, brain, or bones 
Sometimes a sohd extension of the tumor grows through the renal vein 
into the vena cava and even to the heart 

The earliest symptoms are painless hematuria, pam m the ladney 
region, or discovery of a mass m the upper abdomen In most cases when 
the first symptom occurs the disease is well advanced Not infrequendy 
a patient, unaware of any kidney trouble, seeks rehef because of a metas- 
tasis ^'arlcoceles occurring m middle age should arouse one’s suspicion 
of a retroperitoneal growth which may press upon a spermaac vein or 
occlude the opemng of the left spermatic vein by an mtravenous 
extension 

Painless hematuria is the imtial symptom in about 70 per cent of all 
cases Bleedmg occurs at some time m the course of about 90 per cent 
The blood, characteristic of all renal bleeding, is diffused throughout the 
entire specimen of urme If the hemorrhage is profuse, clots may form in 
the ureter or bladder and give rise to ureteral cohc or dysuria Cylindrical 
blood casts of the ureter are of considerable diagnostic significance In 
all cases hematuria is mtermittent and may not recur for months 

While the sudden appearance of bloody urme is a severe shock to 
most persons, as soon as bleedmg stops without other symptoms arising 
their equammity is only too easily restored, especially when relief coin- 
cides with the administration of a urmary antiseptic and a physician’s 
assurance that “a bit of gravel must have passed ” It can not be too 
strongly emphasized that hematuria always indicates orgamc disease 
somewhere in the gemto-urmary tract and no efforts should be spared 
to discover the place of its origin and the cause 

Pam IS much less frequent as an mitial symptom, but m the majority 
of pauents it occurs at some stage of the disease Pam m the kidney region 
IS usually due to tension on the renal capsule It may come on suddenly 
VTth the occurrence of a hemorrhage into the tumor substance This type 
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of pain usually subsides However, pain in the kidney region which 
steadily becomes more severe suggests extension of the disease beyond 
the capsule, perhaps with nerve mvolvement 

In most cases when hematuria or pain occur an enlarged kidney can 
be palpated, although if the tumor mvolves the upper pole this may be 
impossible 

A minority of perhaps 15 per cent of patients seek advice for pro- 
gressive loss of weight and strength and a kidney tumor is discovered 
In this group prognosis is especially bad because the tumor has perforated 
the renal capsule before grovung into the pelvis and an extensive extra- 
renal groM'th has developed vithout giving rise to any locahzmg 
symptoms 

\^^ile a careful general physical examination is essential, a detailed 
study of the tumor can be made only by following urological methods 
\Vhenever possible one should demonstrate the type of the tumor, the 
separate function of each kidney especially the sound one, whether or 
not the primary tumor has grown through the renal capsule, and the 
location and extent of possible metastases 

Excretory pyelography may furnish helpful information but m 
general the test has proved of less value than had been hoped Cystoscopy 
with bilateral ureteral catheterization, dye ehminaaon, urea clearance 
tests, and retrograde pyelography give the greatest information In a 
few cases perirenal insufflation may show that the renal capsule has been 
ruptured The function of the diseased kidney is a matter of great possible 
variation and of but slight importance Whether or not the opposite 
kidney alone can maintain life must be known 

The mterpretation of retrograde pyelograms is sometimes exceed- 
ingly difficult The tumor may press on the pelvic region so firmly that 
no contrast medium can be seen or famt traces can be visualized only 
when the Roentgen rays strike the mjected fluid tangentially Greater 
difficulties are present when the changes are least marked In general 
parenchymal tumors cause alterations m size and shape, often forcing 
the kidney out of its normal position and pressing on the pelvis and 
calyces to cause bizarre filling defects in certain calyces and elongation 
of others 

With radiation therapy emphasizing the importance of knowmg the 
cellular composition of tumors before treatment is given, attempts have 
been made to obtain a preoperative diagnosis of the structure of renal tu- 
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mors Of course full advantage could be taken of this information only if 
successful specific therapy were available As yet neither diagnostic nor 
therapeutic measures are sufficiently refined Hom ever, \vithin the past 
ru o or three years aspiration biopsies have been performed on kidne\ 
tumors The method, in general, is the same as for the aspiration of 
tumors m other locations, described by various workers m the iMemorial 
Hospital With the paaent lying prone mth a pillow under the abdomen 
the tumor is located by its relation to bony landmarks in the roentgeno- 
gram compared with those on the body After smtable skm preparation 
and anesthetization a long eighteen-gauge needle is inserted until the 
external end moves with respiration This indicates that the point is in 
the kidney Negative pressure is exerted Muth a tightlv fittmg syringe 
vdiile the kidney is probed The needle is then withdrawn and whateier 
tissue It contams is blowm out on a glass slide, spread with another slide, 
fixed, and stamed The entire process requires less than ten mmutes 
Tissue should be easily obtamed from every parenchjunal tumor A 
competent pathologist, given tissue, can state wuth assurance ivhether or 
not tumor cells are present but he cannot, in all cases, determine the 
type of tumor The test helps httle in predictmg the tumor’s radiosensi- 
tivity because that must be detemuned largely by trial and it is of no 
prognostic value smce prognosis depends on factors other than structure 

Neplirectomy is the only treatment wdiich can control tumors of the 
renal parench)Tna m adults The operation should be performed m all 
cases unless the patient’s general condiaon is bad, the funcnon of the 
opposite kidney is insufficient to mamtam hfe, or the disease has spread 
beyond the kidney either by local extension through the capsule or by 
distant metastases 

Study of the end results of the surgical management of tumors of the 
renal parench)Tna in adults reported by a number of obseix'ers indicates 
that about 25 pei cent are moperable when first seen, the mortality of 
nephrectomy va.^es between 15 and 30 per cent, and about 15 per cent 
of the patients a)e ■well after five years 

While tlie u qualified statement that radiation should play an impor- 
tant part in the Inanagement of all Wilms’ tumors seems justified, the 
WTiter believes mat as yet radiation has proved of slight clinical value 
in the treatmenttof renal adenocarcmomas This opinion unfortunatelv 
conflicts wnth pmumber of highly optimistic reports in the literature 
Under irradiatioi\a large majority of these tumors shrink This regies- 
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Sion in size has been the principal reason for the asseruon that the tumors 
are radiosensitive However, examinations made after nephrectomy show 
that the prmcipal demonstrable change consists m injur)^ to the thin 
walled blood vessels vuth the production of infarcts ■\'\'hile a considerable 
amount of tumor tissue is undoubtedly devitalized vuthin the infarcts, 
yet apparently unchanged tumor cells can be found in immediately 
adjoining areas Furthermore, it is difficult to determine how much i alue 
to attribute to irradiation because, as we have seen, infarcts occur spon- 
taneously in these tumors and even xiith the microscope one cannot 
clearly differentiate spontaneous infarcts from those produced by 
irradiation 

The Mnter believes that the followmg conclusions represent a fan- 
estimate of the proved i alue of radiation in the treatment of these adult 
tumors 

1 Radiation alone cannot control the tumors 

2 Preoperative nradiation will dimmish the size of the majoritv'- of 
the tumors This may facilitate nephrectomy The value of nradiaoon m 
these cases is approximately equal to partial removal of the tumor 

3 Irradiation will not make an inoperable tumor operable A tumor 
IS considered inoperable vhen it has perforated the renal capsule and 
invaded the perirenal tissues Large size alone does not constitute inoper- 
abihty because the surgeon’s skill is an important factor 

4 If tumor cells are disseminated by the unavoidable trauma of a 
skilfully performed nephrectomy, and this has not been proved, a pre- 
operative cycle of radiation probably cannot prei ent the disaster 

5 During the course of a preoperative cycle of radiation and the 
period of waiting for its effects to become established and regeneration 
of the superficial tissues to take place, metastasis may occur 

6 If a tumor recurs locally, even though the recurrence appears 
superficial, external irradiation may diminish its rate of growth but m ill 
not stop It 

7 Aletastases from renal adenocarcinomas show great differences in 
radiosensitivity depending on their location Secondar)’- deposits in the 
lungs frequently disappear while those in bones are inhibited slightly 
if at all 

The following factors have furnished satisfactory’- preoperatn e irra- 
diation the 200 kilovolt unit, filtration by nvo millimeters of copper, 
a target skin distance of sevent)’" centimeters, and anterior, lateral and 
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posterior portals, each about fourteen by ten centimeters m size A single 
portal IS given 250 7 daily until each has received 2,500 7 This treatment 
requires about a month and delivers to the region of the renal pedicle 
about five threshold erythema doses m a man of 150 pounds (68 2 kg) 
weight After studying the radiaaon required to control other tumors, 
for there is no definite informaaon regarding renal adenocarcmomas, it 
seems reasonable to believe that this amount is somewhat less than one- 
half of a curative dose In most cases there is superficial bhstering of the 
slan but healing is complete in about six weeks At the end of this time, 
or tivo and one-half months after irradiauon v as started, nephrectomy 
can be performed vnth little if any noticeable delay m healmg 

An inoperable kidney tumor should alv'^ays be irradiated because 
nothing else is of the slightest help and the palliative effects of radiaaon 
are often considerable In these cases maximal doses should be given and 
It IS not as important to keep withm a time limit or to presen'^e the skin 
so carefully Four portals are used, each about fourteen by ten cenameters 
in size, the other factors remaimng the same as in the preoperaave cycle 
"With an addmonal portal greater slon regeneration takes place beni een 
treatments and it is often possible to give 3,000 r or even more to each 
portal This furnishes about seven threshold er}*thema doses to the pedicle 
region of a man v’^eighmg about 150 pounds 

While these doses of radiation are well tolerated by most adults all 
patients should be carefuUy obsen’^ed The quaht}' of the blood must be 
kept high because anemic mdividuals probabl}'' respond less favorably 
to irradiation A diet rich in hver or liver extracts is helpful but trans- 
fusions of whole blood are best 

Papillomas and epidermoid carcmomas of the renal pelvis and ureter 
have the same structure and groivth characteristics as epithehal tumors 
of the bladder Little more is knovTi about their etiolog)'' than that of 
the other kidney tumors Chrome irritation by calculi seems to precede 
a defimte number of epidermoid carcmomas and the changes between 
chrome productive mflammation through leucoplakia to clearly demon- 
strable cancers have been followed m several studies Infection, alv a^ s 
present with large calcuh, may play some etiological part, but how much 
IS uncertam Other factors, stiU unknovTi, must be even more important 
because, while it is possible m a number of stone cases of long duraaon 
to find tumors in about 20 per cent, no antecedent history of stones can 
be obtained in berween 75 and 90 per cent of tumors 
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The papillomas, of a relatively low grade of malignancy, gradually 
spread from their usual place of origin m the pelvis doivn the ureter and 
into the bladder Perhaps the condmon is a disease of the mucous mem- 
brane of the entire urinary tract At any rate it may become v idespread 
and there is frequent recurrence on the opposite side It has been sug- 
gested but not proved that the etiological factor is some carcinogemc 
substance eliminated through the kidneys 

The first symptom of papillomatosis is usually hematuria This may 
not occur until the disease has spread as far as the bladder and the bladder 
tumors bleed The hematuria is mtermittent and usually painless It is 
likely that er)n:hrocytes are present in the urine for several months before 
frank bleedmg occurs but they are rarely discovered because routme 
urinalyses are too seldom made 

Obstruction at the ureteropelvic juncuon and infection are regularly 
present even m early cases and either may cause vague sensations of 
discomfort m the kidney region or temperature elevations There are no 
locahzmg symptoms m most cases, possibly because changes m the kidney 
are gradual and they are accompamed by progressive destruction of 
function 

Diagnosis is usually estabhshed by retrograde pyelograms although 
catheterization of an obstructed ureter is sometimes difficult Excretory 
pyelograms are usually unsatisfactory owmg to diminished function 
Discovery of a papilloma m or near a ureteral orifice should always arouse 
suspicion concernmg its possible origm higher up m the urinary tract 
^Vhen pelvic and ureteral papillomatosis spreads to the bladder mucosa 
prognosis becomes more grave Retrograde pyelograms show a strikmg 
picture of muluple fillmg defects m the kidney pelvis and ureteral lumen 
caused by the many papillary tufts Usually the calyces are markedly 
dilated and the parenchyma is correspondmgly reduced by pressure 
atrophy As soon as this disease has been discovered one must learn not 
only the function of the opposite kidney but whether or not it is affected 
ivith similar growths 

The treatment m all cases should be nephro-ureterectomy There is a 
good chance for success because the disease remains for a long time 
vuthin the urmary tract Radianon is not recommended because complete 
tumor regression would be most unlikely and there are no advantages 
in conservative measures because the function of the kidney has usually 
been lost 
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A two Stage operaaon is advisable for die majorit)’- of patients At 
the first stage the kidney is removed MTth about two-thirds of the ureter 
About two months later one should excise the ureteral stump widi a cuff 
of the bladder surrounding the ureteral meatus For the second operaaon 
a pararectus incision has been found more convement than the usual 
midline approach 

After operation these patients should be carefully followed vith 
cystoscopic examinations performed about ever}’’ nvo months for se\ eral 
years Small papillomas springing up m the bladder can be readily 
destro}’^ed by fulguration, but if tumors develop in the remaining kidne\ 
or ureter no curative treatment is knowm 

Epidermoid caremomas of the renal pelvis are fortunatel}’’ rare In 
common with other kidney tumors the}’’ usually grow “sdendy” for a 
considerable time The great majority are highly mahgnant and metastasis 
through lymphatics has usually occurred before s}anptoms .irise Cures 
are exceptional 

The usual mitial symptom is painless hematuria, but if the tumor 
arises close to the ureteropehne junction vague s}Tnptoms of obstrucuon 
may occur sooner ^^^hile it is often impossible to make an accurate pre- 
operative diagnosis the retrograde pyelogram furnishes the greatest 
diagnosuc aid In the region of the pelvis there may be a partial filling 
defect M’hich has strikingly well defined margms due to their dense 
induration Simple nephrectonty is the treatment of choice 

Fever than 100 cases of primaty carcinoma of the ureter hate been 
reported The average age of the patients v as about fifty-fit e yeirs 
Chrome irritation seems to play an important euological role because a 
large proportion of the tumors have been associated v ith calculi, leuco- 
plakia, or ureteritis cystica The tumors are usually of the higher grades 
of malignancy and metastasize tl’irough l}’Tnphaacs comparatively early 
Painless hematuria may be the imtial S'V’mptom but renal changes caused 
by obstruction and infection are usuall}’^ so pronounced that pain in the 
kidney region accompanied b}’’ elevation of temperature may precede 
bleedmg from the tumor The importance of urological study is demon- 
strated in patients such as these who have a serious disease v’lth relanvely 
insignificant S}’mptoms The most careful general physical examination 
cannot discover the underl}’^ing paAology m these cases but a pyelo- 
ureterogram wdl quickly solve the problem As soon as the diagnosis 
has been made nephro-ureterectomy should be performed At the same 
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time the lymphaacs m the perirenal and periureteral fat should be 
removed Postoperative irradiaaon is advisable in all cases of epidermoid 
carcmoma of the renal pelvis or ureter although its value is as yet 
uncertain 


Conclusions 

1 The “silent” development of renal tumors is largely responsible 
for poor end-results of their treatment 

2 In recogmuon of the difhculues of the problem the importance of 
periodic physical examinations should be stressed 

3 A mass m the kidney region of a child or sudden painless hema- 
turia m an adult is the most frequent miaal symptom of a renal tumor 

4 Aspiration biopsies can be safely performed on the kidney but 
the pathologist should mterpret the microscopic picture with full knowl- 
edge of the limitations of the method 

5 A kidney tumor in a child should never be mcised to obtain 
histological material 

6 No mfant of either sex is too young for a complete urological 
exammation 

7 ^Vilms’ tumors are best treated with radiation alone All other 
operable tumors of the kidney or ureter should be managed surgically 

8 The prmcipal effect of irradiation on renal adenocarcmomas 
seems to be destruction of the dehcate walls of blood vessels with the 
production of hemorrhagic infarcts Although there is frequently com- 
plete destruction of tumor tissue withm the infarcted areas one can 
usually find apparently unchanged cancer cells nearby The chmcal 
effect of preoperative irradiation m these cases is equivalent to partial 
removal of the tumor 

9 Since it is unlikely that the results of surgery alone will be mate- 
rially altered, future improvement m the management of renal tumors 
will probably follow earlier diagnosis, advances in the use of the physical 
agents and discovery of other, better, methods of treatment 
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THE SIGNIFICANCE OF THE NEW YORK 
ACADEMY OF MEDICINE^ 

Tresidential Addi ess 
James Alexander Miller 


I PSHSEsnsREasH^E have this evening had the privilege of hearing from 
S Doctor Krech a report of the activities of the Committee 
W § on Fund-Raising, of which he is chairman The object of 
g this Committee is to inform the citizens of New York 
G'asESHSESESHSfl City of the work of the Academy and of its services to 
the medical profession and to the community as a whole 

The Committee has published a very interesting booklet which con- 
tains much information with which probably many even of our own 
Fellows are unfamiliar and which will repay a careful perusal by all 
interested in the maintenance of high medical standards and the promo- 
tion of better health in New York 


While It IS a primary object as well as a hope that this wider dissemi- 
nation of knowledge concerning the Academy will aid in securing for it 
a broader base of financial support, at the same ume this effort is largely 
an educational undertakmg directed toward a better understanding of 
the activities and purposes of an important quasi-public institution all too 
little knoum to New York and to New Yorkers 


As It IS the privilege as well as the duty of the President to address 
the Academy upon this occasion on some subject of general interest it 
appears timely to raise the question What is the real significance of the 
Academy of Medicine^ 

Inasmuch as the material for this address is drawn largely from the 
same sources, it is inevitable that my discussion of this question will 
parallel in many respects the contents of the descriptive booklet to which 
allusion has already been made However, as the approach is from a 
somewhat different angle, it is hoped that the repetitions which may occur 
may only add emphasis to important phases of the general subject, and 
that, in addition, sidelights of interest and value may be afforded 


•Delnered nt the Annual Meeting Januarj 6, 1938 
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This pamphlet describing the Academy’s activities presents the facts 
objectively In it ^^nll be found in concise and concrete form a summary 
of what the Academy is doing It is my purpose to deal with these same 
facts subjectively, that is, in terms of personal reacuon to them In other 
Mmrds, to raise the question as to what is, or may be, the significance of 
these Academy activities to various groups who are, or, ^e beheie, 
should be, interested m them The facts, being objective, may speak for 
themseb es, but, if they are to have influence, they must be understood 
and interpreted m the consciousness and experience of those to whom 
they are presented This is the subjective side of the situation "V^Tat is 
the significance of these facts, their meamng^ 

For our purpose the numerous individuals whom we wish to enlighten 
concerning the Academy may be divided into various groups 
I The members and Fellows of the Academy 

II Other members of the medical profession 

III The patients of these physicians 

IV The Institutions in the cit\% both public and private, which are 

organized for the treatment and prevention of disease 

V The general Community 

1 The Mevibeis and Fellows of the Academy 

In our effort to interpret the significance of the Academy it appears 
proper and logical that we begin with that group of us who are members 
or Fellows of this insutution, for, after all, this Academy in some sense 
belongs to us, or at least the responsibilitj* for its activities is primarily 
upon our shoulders 

So this evening first of all I am putting to you, the members of the 
Academy, the searching personal question ^Vhat does the Academy 
mean to you' It may be that you ha\ e never posed this question to your- 
self If so, will you allow me for a few moments to try to give direction 
to your thinking? 

There are 1700 active resident members and Fellows of the Academy 
from a total of over 1 4,000 physicians in the entire cir\'^ \\ hy are y e 
among this selected group? If you think that it occurs as a matter of 
course 1 y ish that you might all knoy something of the careful delibera- 
tions of the Committee on Admissions ^ ou would then recognize that 
each one of you has been selected because of certain definite attainments 
in your profession, and perhaps even more because of the promise avhich 
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as considered to be in you tliat you would go on to a greater fulfilment 
of your possibiboes On that account you were deemed ^^orthv of 
admission to the privileges which the Academy offers to help you to 
make that promise good 

Is this an honor^ In one sense yes, reflectmg as it does the judgment 
of your own peers But, is it not soil more a responsibiht^’-^ If so, hov 
far have we hved up to this responsibility^ 

Look back over the nmety years of the histoty of this Academi' 
It IS a story of the struggle of eager minds to ctystaUize the ideals of our 
profession mto an mstitution which v ould be a vital instrument for 
furthenng the ideals of a progressive betterment of the profession and 
of the health of the commumty By slov'^ and painful steps a hbrarj' was 
gradually accumulated, there was provided a forum for the discussion 
of medical subjects, a medium for contmued medical education, and an 
opportumty for leadership m the health problems of the city Nov, 
these thmgs did not happen of themselves, nor w ere they the spontaneous 
gifts of an admirmg and appreciatmg pubhc— far from it They w ere the 
result of persistent and strenuous labor on the part of phj^icians who 
believed m the Academy and w^ere wilhng to w ork, work hard for it 
And so finally at last we, as an Academy, have arrived at our present 
exalted station, ensconced in a settmg of beauty, comfort and digmw, 
endowed wath a Librar}^ second to none, wTth an equipment for study 
and discussion undreamed of by our predecessors, and a staff ready to 
render evety sennce for which our forbears longed m vam so many years 

Now”^, do w^e, the present members, own this great thing w^hich has 
been set up, have w’^e proprietaty rights in it^ Are we not rather the 
temporary legatees of an mstitution handed down to us by our fathers 
and by those generous benefactors who were wulling to support their 
ideals^ We are but trustees for the nonce, obligated to canw on and in 
our turn to pass die Academy over to our successors, intact and enhanced 
in value because of our efforts 

Owners^ hy, we do not even pay the cariwmg charges, to say 
nothing of the capital mvested' We pay our dues, to be sure, but do you 
reahze that their total amount is less than thirty per cent of our annual 
budget, that we do not even pay for the annual cost of the upkeep of our 
Libraty alone^ 

Our ownership is in a responsibility, not in tangible rights or 
privileges, and our membership is an obhgaaon, a debt rather than a 


Presidential Address 


M5 

recoverable asset 

can repay this debt? I wotdd suggest to you that if the 
Academy means ydiat I would like to think that it does to us, we may 
do so in at least one of three ways 

1) Payment by better utilization of our privileges 

2 ) Pajunent in services 

3) Payment in direct or mdirect financial contributions 

I would further suggest that you try not one, but all of these methods 
of payment Let us consider each one in brief detail 

i) Payment by Bette? Utilization of our Privileges -Om first 
thought here turns to the Library We all know what a superb mstru- 
ment for medical education it is The books, the periodicals, the reference 
and bibliographical serinces combme to make its use easy, profitable and 
pleasant In it, as members, we have certam minor privileges over the 
general public, such as a private members’ readmg room, the opportumtv 
for evemng use, and the privilege of tvithdrawmg books 

Last year the Library had over 61,000 readers, of which 8000 were 
members of the Academy Does this mdicate that we are appreciating 
and utilizing our opportumues here as we should? Can we not make 
this wonderful Library mean more to us? 

Then there are our meetmgs for medical discussions and exchange of 
ideas Last year there were held seventy-seven meetings of our vanous 
eleven Sections, vnth a total attendance of 11,700, an average of 152 at 
each meetmg— a very creditable evidence that these meetings certainly 
mean something to our members The attendance at the Friday afternoon 
lectures and those held m connection with the Graduate Fortmght is very 
large Although the physicians m attendance are predormnandy non- 
members, It IS obvious that these meetings are recognized as of real 
educational value 

The attendance at the regular stated meetmgs of the Academy is, on 
the contrary, often disappointing, m spite of the devoted efforts of the 
Program Committee to make them attracuve Perhaps one reason may be 
that they are conducted as didactic lectures without opportunity for 
discussion Some of our Fellows have suggested this, but it is significant 
that similar lectures held on Friday afternoon are well attended Perhaps 
It might be better if we held our stated meetings in the afternoon instead 
of in the evenmg 

This problem of the stated meetings has perplexed the officers of the 
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Academy for several years They would v^elcome suggestions from the 
membership as to liow these meetings can be made to have more \ ahic 
and meaning to the Academy 

In general it may be said that all of these opportunities above outlined 
are designed for the postgraduate education of physicians This is the 
main function of the Academy, and if we all might appreciate and utilize 
them more, the Academy umuld certainly mean more to us 

2) Pay went m Seiu/cer — Here is a real opportunity to shon vlnt 
the Academy means to us 

In this connection I wish first of all to stress the nmik of our Academ\ 
committees Moie than 200 of our members are each year serving upon 
one or more of our important committees '\^’e are very proud of this 
woik, and it is a valiant service indeed 

I wish that theie n^ere time to expatiate fully upon the amount ind 
character of this committee wmrk It is second only in importance to our 
educational activities Hours of dei oted and haid labor is spent by these 
committees and their nunieious subcommittees This has meant much to 
the Academy, to the profession and to the community 

These committees help to operate the Academy, they study hov to 
keep up our standards of service and of ethics, they nork hard in the 
interests of the Library, they scrutinize with the greatest care the quali- 
fications for admission to the membership, they plan the programs and 
study and provide for the var^Tug educational needs, they are inumateh 
concerned with numerous problems of public health and meet the 
demands for counsel and advice n Inch come to them in ever increasing 
numbers from all sorts of public and private organizations as well as 
individuals In this field of public healtli service alone the Academy has 
come to have a commanding position of influence in the coinmumn 
Another committee seives our publicity relations, assisting and ad\is- 
ing the press in medical matters, giving reliable infoimation to physicians 
and other citizens, protecting physicians from an kward publicity pre- 
dicaments and restiaming the activities of otheis to n horn publicity is 
not awkv'ard This phase of oui committee work has been leviewed vith 
great care by the Council during the past year, and v’hile it voiild 
appeal that some modification of the program is desirable, it is also equall^ 
phin tha the judgment of oui first directoi, Doctoi Linsly R AVilhims 
w as souno and that the Academy cannot shirk the assumption of sonic 
lesponsibihtv in this field of effort 
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The Avork of our committees jn general is magnificent, but only a 
little more than one-eighth of our total membership shares in it each year 
It IS our policy to make annual substantial changes in personnel, so as to 
distribute more widely the opportunity as well as the labor among our 
membership Eyery member should be eager and ready to sen^e in some 
capacity for which he may be particularly fitted, and it is hoped that the 
opportunity may be available for many more members than at present 

A few years ago one of our Fellows, who later avas elected to one of 
the highest offices m the gift of the medical profession and vTo had at 
that time served for several years our Committee on Public Health Rela- 
tions, said in conversaaon “Those meetings of the Public Health 
Committee have meant more to me in m idenin^ my horizon and reaching' 
me the responsibility of medicine than anything that I have e\perienced 
since leaa ing the medical school ” 

This IS what that particular committee meant to that man It means 
that to many others, and in some form of sen ice it could mean that to 
each one of you 

3) Payviem through Fwancial Contributions —'Fiow you will per- 
haps say to yourself that this is what the President has been leading up 
to, which IS not true, although perhaps there may be some truth in it 

The plant and equipment of the Academy is w orth consen^atively 
$2,600,000 We have an invested capital y orth even at present prices 
$2,700,000 The income from these investments is at present $158,000 a 
year In the main, it is this income y Inch supports the Academy A'Nffiile 
this seems like a good deal of money, > et even with careful management 
and economy it is not sufficient to meet our expenditures yithout a 
deficit unless there are additional contributions to our annual income 
In addition, we are confronted with pressing needs y Inch can only be 
met by still larger funds The details of these needs ha\ e already been 
explained to you Noiv avhat, if anytliing, are you, the members, intend- 
ing to do about this^ A fey months ago ive recen ed, in response to a 
letter which ivas sent to all members of the Academy, a communication 
from one of our most valuable members from y hich I y ould libe to 
quote 

He said “I feel very strongly that the Academy is an asset to ever}'’ 
one of Its Fellows and members I believe that e\ ery one should con- 
tribute something toy ard its deficit, and I am not y illing to appeal to 
my of 111}'' avell-to-do friends until I am assured tint all of the members 
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of the Academy have subscribed to this fund For, if the Members and 
Fellou^s cannot individually subscribe at least one dollar a year, then 1 
have not the effrontery to approach any of my lay friends ” 

Now, I have no mtenuon of pressing this particular point But it is 
an index of what the Academy means to this particular Fellow, and it is 
perhaps significant that a favorable response to this prehmmary appeal 
sent out last June was received from 258 members and Fellows, winch 
number very closely corresponds m number as well as m personnel to 
those individual members who have sei^md upon our Committees The 
active workers were the ones most ready to give, the Academy meant 
more to them Truly, appreciation best comes through service 

When each one of you comes to think over the Academy m the light 
of the information which is bemg put before you as well as in the light of 
your ovm experience, will you not ask yourselves the question Is the 
Academy worth to me more than forty dollars a year^ 

I have purposely placed a good deal of stress upon the significance 
of the Academy to its o^vn members, for it is upon them that the respon- 
sibility primarily rests 

Wq will now proceed to examme the situauon as it affects other 
groups m our community This may be done m a less exhaustive manner, 
as much of the material presented wall be the same although the applica- 
tion and emphasis \wll be somewhat different 

II The Othei Membeis of the Medical Frofession 

As has already been mdicated, there are over 14,000 physicians in 
this city, of whom only 1700 are active members of the Academy It is 
obvious that an institution w^hich pretends to provide opportumoes for 
postgraduate education must offer them freely to all v’^ho are qualified 
as physicians to make use of them This the Academy does 

The Library, the section and stated meetmgs, the Friday afternoon 
lectures and the Graduate Fortmght are all open to any ph}’sician With 
certain minor restrictions they have the same advantages m the use of 
these activities that are offered to our ovm members "V^^e also send free 
to every physician in the city our publication “Preventive iMedicine ” 
That these opportunities mean much to these physicians is evidenced 
by the very considerable numbers which avail themselves of them There 
IS no doubt that the Academy is regarded as tlie medical center for all 
physicians of the city, w^hether members or not, that it enhances mate- 
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nally the standards of medical practice and thus materially affects the 
welfare of the commumt)’’ 

Consciously or unconsciously these outside physicians respect the 
standards of practice and of ethics for which the Academy stands, and a 
considerable number of them aspire to eventually bemg able to jom our 
membership and thus secure the stamp of approval upon their proficiency 
which such membership would signify to them and to their colleagues 
As our waitmg list of applicants for adrmssion grows, and when it 
becomes obvious that the present limitation of numbers is withholdmg 
the privileges of membership from a considerable number of physicians 
who desire them and are properly qualified, there is little doubt that the 
Council Moll decide to mcrease the membership to meet such legitimate 
demand This has been done in the past and can quite well be done again 
m the future 

In the meantime the Academy ivill contmue to welcome within its 
doors all serious students of medicme and to render them assistance m 
their efforts to improve the quahty of their work and also to provide 
for them a standard to which they may aspure 

Thus the Academy has a real significance to the entire local medical 
profession, which is limited only by the capacity of each and every 
physician to appreciate it 

111 The Fatients of these Physicims 

This apphes to all physicians, whether members of the Academy or 
not, and to all patients under their care, whether m hospitals and dispen- 
saries or m private practice 

The main function of the Academy bemg to help develop better 
doctors, any progress which is made toward that end becomes immedi- 
ately a senace to the patients under the care of these doctors 

Unfortunately, many patients stiU choose their medical advisors with 
less thought and care than they pay to their stock transactions or even 
to the selection of their tailors or dressmakers In hospitals and dispen- 
saries they usually have no opportumty for choice at all, but here they 
are protected by the wisdom and responsibihty of i arious appomtmg 
boards who make the selection for them 

Among the private-paaent group, however, there is a gradually 
increasmg appreciation of the fact that one’s physician may be vitally 
important in one’s life and that proper education and trammg means 
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more m a crisis than does an affable bedside manner 

Many people, however, do not realize that the educauon of the 
physician is a continuous process through his entire professional life 
and that when he ceases to be a student he at that selfsame moment begins 
to deteriorate professionally and finally to dry up and wither zway 
There can be no question that the chief element in this education is 
experience, properly utilized and interpreted The most valuable source 
of this expel lence comes from the hospitals with their large clinical 
material and then opportunities for the close study and observation of 
many cases of disease With due regard to the tremendous value of the 
free service thus rendered by physicians in hospitals and dispensaries, I 
venture to think that the dominating motive which attracts every wide- 
awake physician to these hospital positions is not primarily humanitarian 
That phase of our v oik we in general assume automatically to be the 
natural responsibility of our particular profession Rather it is an irre- 
sistible impulse vdiich diives such a physician constantly to strive to 
improve his medical knowledge and skill 

Granting the predominance of clinical experience in the attainment 
of graduate medical education, the next most important element is the 
oppoitunity for leading and the study of the current literature, so 
absolutely essential in these days of rapid growth in modern medicil 
knov ledge, and also closely connected with this is the opportunit)’’ for 
discussion and the matching of ideas and exchange of opinions with one’s 
colleagues It is in these phases of medical education that the Acadeniv 
supplements practical clinical expeiience, and, as we have above shovn. 
It does It in a very efficient way 

Thus, to all patients, rich and poor alike, the Academy, whether thev 
know It or not, means that they obtain better medical services from the 
physicians who will avail themselves of these privileges, and that in the 
last analysis our patients are the ones who are the greatest gainers from 
the education which the Academy affords 

IV The histitmwvs ni the City, both Public and Puvate, 'which are 
Oi gamzed foi the T i eatvieiit and Pi evention of Disease 

By these are meant especially the hospitals and dispensaries v ith their 
allied seiMces, on the one hand, and the organizations designed to render 
prexentive services to the public, on the other In addition, there arc 
ceitain other public and private organizations not primaiily concerned 
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with heilth or dise.ise, among whose activities, however, certain health 
problems necessaril)^ arise from time to time 

The sei vices rendered by the Academy in this category are largely 
through the activities of its Committee on Public Health Relanons A'NT 
hat e already presented a general review of this service It is difficult to 
overemph isize the dependence that certain public departments of the 
ftti'cinment have come to have upon the advice and assistance of 
the Public Health Committee This is especially true of the Health 
Department, of the Departments of Hospitals and Education, and also 
of the Civil Service Depaitment For example, during the past year this 
Committee has made i comprehensne report upon the organization 
necessary for determining the early type-diagnosis and the effective 
serum treitment of pneumonia Also it has made, in cooperation vith 
the New York Tuberculosis and Health Association, a study of the 
tuberculosis hospital situation It has prepared regulations for the e\ami- 
nauon of medical inspectors in the Department of Education Many 
detailed studies conducted at the request of the Department of Health 
or of Hospitals have been made and, in addition, specific recommenda- 
tions concerning the items to be contained in the annual budgets of these 
departments It has cooperated ivith the Counr>^ Medical Societ}'^ in a 
study of the possibility of requiring health certification for domesuc 
servants and in cooperation with the New York Tuberculosis and Health 
Association a study has been made of the situation regarding tuberculosis 
IS a compensable disease, especially w ith reference to nurses 

In cooperation w itli the Medical Information Bureau and the Com- 
mittee on Medical Education, and upon the request of the Department 
of Education, there haa e been formulated plans for a series of lectures 
for school teachers on matters of health and hygiene, wdiich w ould help 
them in the performance of their duties It has also given assistance to the 
Civil Service Department in the formulation of examination requirements 
as w^ell as the securing of competent personnel to conduct such examina- 
tions as they apply to medical positions in the a arious citt'" departments 
These and mana" other sen ices haa e been rendered and mana* reports 
haa^e been prepared in a^aiious phases of the health problems of the cita'^ 
The testimony aadiich has been freela’’ offered to us from many sources 
and the increasing demand aadiich comes to us for such sen ices, are con- 
clusia^e eandences of the significance of these actwities to many important 
groups in the cit^’", and it is hardly an oa erstatement to say that the gradual 
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development of the work of this Public Health Committee for more than 
twenty-five years is one of the outstandmg achievements of the Academy 

V The Geneial Coimnumty 

In and through our entire discussion has run the suggestion that the 
Academy has a real significance to the commumty as a whole 

The diffusion of medical knowledge throughout our membership and 
throughout the entire body of New York physicians, the advantages 
which thus accrue to thousands of suffermg patients by assuring them of 
better treatment, the services of the Committee on Public Health Rela- 
tions and the Medical Information Bureau to so many various groups in 
the population, and finally the general influence of the Academy upon 
the development of the better practice of remedial and preventive medi- 
cine, are all directly of great advantage to the public at large 

It has been suggested by some mtelhgent but, I believe, ill-informed 
Fellows that the Academy would do well to confine its activities to 
strictly medical matters, mainly, if not exclusively, affecting our owm 
membership It has even been suggested that it would have more dignity 
and influence if it were possible to restrict these privileges to a much 
smaller number, perhaps not exceeding five or slx hundred Fellows 
Now, I can conceive of the attraction and charm that such a medical 
Athenaeum Club might have for the elect, but yvould it meet our 
responsibilities^ 

There is another very pracacal side to this quesuon During the past 
year \ve have been required by the Department of Internal Revenue to 
show cause why \ve, as a limited-membership corporation, should be 
exempt from taxes A very searching investigation was made vhich 
required many months of serious preparation and anxious thought on 
the part of our Director and of our legal counsel who faced the possi- 
bility of our liability to real estate, to capital gams and to mcome taxes 
The result was a complete victory for the Academy, but this xvas due 
solely to the substantiated fact that the Academy is rendering an outstand- 
ing public sennce entirely outside of, and outweighing any advantages 
to, Its oym members We cannot afford to lose sight of this situation as 
we formulate our future program 

But apart from this very important practical consideration there arc 
other compellmg reasons of a more strictly medical nature From the 
welter of acrimonious discussion concerning medical organizanon that 
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has gone on both ithin and without the profession during the past few 
years at least one significant fact emerges and that is that the medical 
profession cannot live to itself alone 

’l'\^hile ^ve quite properly claim the post of leadership in any projected 
changes, we cannot deny that the community as a whole has also a vital 
interest in this question This problem has comparauvely httle to do with 
the curative side of medicine, nor, as it seems to me, are the economic 
factors as predominantly important as they have been made to appear 
It IS rather the social and preventive aspects of medicine which demand 
the close cooperation of the profession and of the laity alike 'We 
physicians have been criticized, perhaps with some justice, for having 
neglected these fields which are now recognized to have become increas- 
ingly important We have been deeply engrossed m our own essential 
job of trymg to take good care of sick people, and it is quite possible that 
our preoccupation has too closely narrowed our vision of our other 
responsibilities But in every field of medicme, whether curauve or 
preventive, it is the quality of service which counts and no change of 
organization can supply this, for it must come from the better traimng 
and education of physicians The Academy, as already described, has 
made significant contributions toward this end, and particularly has it 
served as a center through which has been focused the greater attention 
of the profession upon this social and preventive side of medicine In 
this way we serv'^e physicians and laity alike, and it does not appear 
thinkable that we can in any way curtail these senuces, rather it would 
appear that we must continually extend them This, in addition to the 
development of our proficiency m curative medicme, is the basis upon 
which we have the right to state to the public that we are acting in their 
interest and thus desen'^e from them both mterest and support 

So, as we now at this time go out before the public with our appeal, 
let us be sure that our own house is in order, that we, as individual 
members of the Academy, recogmze and appreciate the true significance 
of the Academy and that this mvolves not only improving ourselves 
but also continually sen'^mg the community 

As we thus develop our mterest in the collateral branches of social 
and preventive medicme for which the Academy stands, we will be 
surprised to find how much our own horizon has become widened and 
that we have unconsciously developed our own capacities as indu iduals, 
as citizens and as physicians 
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PROCEEDINGS OF ACADEMY MEETINGS 


STATED MEETINGS 

FEBiiLAni. 3 — The Nero York Academy of 
Mcdtcine E\ecuti\e session, Reiding of 
the minutes II Paper of the e\ ening — 
The conception of cancer hefoic and 
after Johannes Muller, Howard W 
Haggard, Associate Professor of Ap- 
plied Phvsiologj, Sheffield Scientific 
School, Yale University H Report on 
election of members 

FtnntjAna 17 — The Harvey Society tn afftlia- 
twn rmth The Nero York Academy of 
Medicine Fifth Lecture, “Studies on the 
Cortical Representation of Somatic Sen- 
sibility,” Philip Bard, Professor of 
Ph^slologJ’, The Johns Hopkins School 
of Jledicine 

SECTION MEETINGS 

FEBRUAn'i 1 — Dermatology and Syphdoloyy 
Reading of the minutes H Presentation 
of cases — a] Jit Sinai Hospital, 2] Mis- 
cellaneous cases IT Discussion of selected 
cases H Executive session 

FEiinuARa 4 — Surgery Reading of the min- 
utes H Presentation of cases — a] Tw o 
lases of micro-aerophilic hemolvtic 
streptococcus (shoivn as a group), John 
V Bohrer, Discussion b\ Frank L 
Meleney, b] Tw'o cases of Wescott Nail 
for intracapsular fracture of neck of 
femur (shoivn as a group), Edward R 
Easton, Discussion bv Clay Ra\ Mur- 
ray, c] Incidental findings in gall blad- 
der surgery, Pro V Prewitt , Discussion 
by Henry Horn (bv mutation), d] 
Penetrating ulcer of the stomach, C 
Joseph Delaney (by mutation). Dis- 
cussion by J William Hinton e] Dis- 
location of the cer\ ical i ertebrae Philip 
D Allen, Discussion bv Bi ron Slookey, 
f] X-ray diagnosis of prolapse of the 
gastric mucosa, Beniamin Coplcman (bv 
inMtation) , Discussion bv John R 
Cartj H Papers of the evening — a] Sur- 
gen in alcoholics, George A Koenig, 


Discussion b\ John A JlacLcan (In 
ln^ itation) , b] Modern treatment of 
burns, Richard J O’Connell, Jr , Dis 
cussion by Fenwick Beckman 7 Gen 
ernl discussion HExccutiie session 

FrnnuAnY 8 — Neurology and Psychiatry 
Reading of the minutes H Papers of the 
evening— a] The drama as a therapeutic 
measure in adolescents, Frank J Cur- 
ran, Discussion, Jacob L Moreno (bv 
mvitnbon), John Lew (bv invitation), 
Thomas K Davis, b] The psvchologv of 
scliizopbrenia, Paul Schilder, Discussion 
b3' Lcland E Hinsie, Abraham A Brill, 
Nolan D C Lewis (b\ invitation), 
c] Fear ns a therapeutic agent, Oskar 
Diethelm (bv inv itation) , Discussion h\ 
Edwin G Znbriskic, Clarence P Obern 
dorf IT E\ccuti\ e session 

FEBnuAnx 10 — Pcdiatria Residents’ Pro 
gram Papers of the evening— a] Cor 
nell Universitv Medical College A case 
w ith unusual intracranial lesion, Charles 
J Baker (by invitation) , Discussion, 
Samuel Z Levine, b] Long Island Col- 
lege of Medicine Hirschsprung’s dis 
case an acute abdominal emergenev 
with temporary diabetes mellitus four 
years after lumbar svmpnthcctomv , Vin- 
cent Tosti (bv inv itation) , Discussion, 
Charles A Wevonuller (by invitation), 
c] New York Medical College Fiiso 
spirochetal bronchitis, C Jlichael Witz- 
berger (by invitation) , Discussion, J T 
Simonson (bv invitation), d] New lork 
Post-Graduate Medical College Tlic 
serum treatment of meningococcic men- 
ingitis, Charles J Leslie (bv' invita- 
tion) , Discussion, Marshall C Pease, c] 
New York Universitv Medical College 
A case of pellagra in a colored child, 
Samuel Prince (bv inv itation) , Discus- 
sion, Charles Hendcc Smith, f] Collcec 
of Phv'sicinns &. Surgeons Control of 
lepeated attacks of parowsmal tncliv- 
cnrdia with mccholvl, F Howell Wright 
(bv mv itation) , Discussion, Rustin Mc- 
Intosh H Executive session 
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FEBruv.R'i 15- — Jleriicinc Rending of the 
minutes IT Papers of the eiening S'm- 
posium on nllerg\ — a] Recent ndinmes 
m nllergi, MaxiiTiilnn A Ramirez, Dis- 
cussion, Will Cook Spain, b] Clinical 
manifestations of skin allergi, J Gard- 
ner Hopkins, Discussion, Aaron Brown, 
c] Bacterial aspects of nllergi , "W illi im 
S Thomas, Discussion, Ma-^iinin de 
Mout Touart, d] A.llerg\ of the respir- 
ator! tract, Robert A Cooke, Discus- 
sion, Horace S Baldwin H General dis- 
cussion 

FEnRCAua 16 — Gemto - Urtnari/ Surqerii 
Reading of the minutes Presentation 
of cases — Hsdatid c\sts of the kidnci, 
Luis \ Surraco, Monteiideo (ha invi- 
tation) If Paper of the ei ening — Recent 
chemotherapv in infections of the iiri- 
narv tract, illiam F Braasch (b\ 
mutation) H Discussion, Henrv G Bug- 
bee, Bov B Henline, Alexander R 
Ste\ ens, Stanle! R Woodruff 

FEnnuART 16 — Otolarynqoloqt/ Reading of 
the minutes H Presentation of cases — 
a) Bacterial otitic meningitis, Edward 
R Roberts (bv mutation) t Papers of 
the evening — a] Primarv carcinoma of 
the external auditor! canal and meatus, 
Otto C Risch, James R Lisa, h] The 
role that surgerv^ of the para-nas il 
sinuses plav s in the asthmatic child, pre- 
hinmarv report, Raymond C Creasv 
(bv invitation) c] Surgical indications 
111 sinusitis, Daniel S Cunning (bv' in- 
vitation), d] Sinus complications and 
their surgical treatment, Robert E 
Buckle! If Discussion, Duncan JlacPher- 
son U General discussion 

FEBRiARa 18 — Combined Meeting of the 
Section of Orthopedic Surqery and the 
Xno York Roentgen Society Papers of 
the evening — a] Herniation of the nu- 
cleus pulposus A clinical studv (30 
minutes), Bvron Stookev , b] Radio- 
therapv of bone tumors (30 minutes), 
''laurice Lenz, Arthur Purdv' Stout 
c] I ues of the osseous svstem (20 min- 
utes), Richard A Rendich, Bernard 
Ephrenpreis *1 General discussion 


FEBRUAHa 21 — Ophthalmology Instructional 
houl— Penmetrv, Ralph Llovd CSlit 
lamp demonstration, IMilton L Berliner, 
Wendell L Hughes, Girolamo Bonac- 
colto, Gordon "M Bruce (f Reading of 
the minutes If Presentation of cases — 
a] Suprasellar meningioma, Kaufman 
Schlivek, b] Total svmblepharon with 
plastic repair, Walter Gnffev (bv invi- 
tation), c] Conpinctival C 3 st simulating 
prolapse of lachrvmal gland, James W 
Smith (f Pipers of the evening — a] Sub- 
conjunctival section of the ductules of 
the lachrvmal gland as a cure for epi- 
phora, P Chalmers Jameson (bv invi- 
tation) , b] Obstetrical ophthalmologv, 
Dewev Katz (bv invitation) , Discussion, 
AIv m J B Tillman, Frances Richman 
(bv invitation) 

rEBRUART 22 — Obstetric^ and Oynecoloqy 
From The TToman’s Hospital, yew York 
City Case Report — Unusual irregulantv 
of the fetal heart, Lvooian Burnham (bv 
invitation) *1 Papers of the evening — 

a] Hemorrhage in late pregnancv, labor, 
and the puerperium, Ralph L Barrett, 

b] Cvstocele its pathologv and recon- 
struction, Joshua W Davies (bv invita- 
tion) c) Svphilis its relation to obstet- 
rics and gvneeologv, loseph K Nathan- 
son (bv inv Ration) , d] Postoperative 
wound disruption, Olaf Severud (bv 
invitation) e] Urological complications 
following complete hv sterectomv, Ar- 
thur J JIurphy 

February 23 — Special Joint Meetinq of the 
Section of Pediatrics and The Progres- 
sae Education Association Svmposium 
on earlv habit formations in relation to 
later social adiustments — a] From the 
viewpoint of the pediatrist, Bronson 
Crothers, Harvard Aledical School (bv 
invitation) b] From the viewpoint of 
the educator, Caroline B Zachrv, PhD, 
Progressive Education Association (bv 
invitation), c] From the viewpoint of 
the mental hv gienist, WiUnm Blatz, St 
George’s School, Toronto (bv invita- 
tion) d] From the viewpoint of the 
psvchntrist, Howard W Potter e] A 
coordination, Herbert B Wilcox 



THE BULLETIN 


I 58 


AFFILIATED SOCIETIES 

FriiRuvni 16 — K€~j York Section of the 
Society for Exjicrimcntal Biology and 
Medicine Cntaphoretic separation of 
toxic components of moccasin \enoin, 
"Walter Marx (bi miitation), Sinniel 
M Peck ^ The effect of total tin roitlec- 
toim upon the production and mainte- 
n ince of experimental In'pertension, 
Frank Glenn, Earl P Lasker (Intro- 
duced bi Bruce "Webster) li Tlic use of 
calcium chloride in the relief of chills 
following serum administration, Paul B 
Beeson, Charles L Hoa eland (Intro- 
duced In O T A\er\) HFecdinc glu- 
cose to the diabetic, Albert A Epstein, 
Milton D Feltenstein (b\ invitation) 
Vagal innerv ation of the dog’s stom- 
ach Demonstration of its incomplete- 
ness in the Pavlov pouch, Edward E 
Temerin (bv invitation), Franklin Hol- 
lander H A method for the separation 
of micro-organisms fiom large quanti- 
ties of broth culture, Ton is E Salk (In- 
ti oduced bv R Keith Canmn) 


Ec-J York. Roentgen Society On account of 
the loint meeting of the New 'iork 
Roentgen Societv with the Section of 
Orthopedic Surgerv, Febnnrv 18, no 
meeting of the New York Roentgen So- 
cietv was held on Monclav, Febnnrv 21 

FinnuvR-i 24 — Eero York Pathological So 
ciety III affiliation Xl, Ith The Eexo York 
Academy of Medicine Case reports— 

a] Nephrosis clue to carbon tetrachlo- 
ride, Hans Smetana (bv invitation) 

b] An unusual case of calcification of 
the nnocardiuni with subsequent infec- 
tion, Maurice N Richter ^ Papers of 
the evening — a] The prognostic signifi 
cance of intracellular carniinophihc nn 
terial in carcinoma of the female hreast, 
Virginia Kneeland Frantr, b] Ohsern 
tions on immuniration with hemolvtic 
streptococci in relation to v inilence, I) 
"Murrav Angevine *1 Executive session 
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JANUARY 6, 1938 

Bo irdiii in Bosworth, S8 East 65 Street 
1 lines Vrnold Brussel, Brentwood I I 
Clurles "W alter Claike, 50 "West 50 Street 
John 1) Currcnce, 219 Vest 1-t Street 
\\ ade Dulev, 60 East 96 Street 
Mlicit C Herring, 15 East 77 Street 
I rule IS D Hubei, 9 East 96 Street 
led Hotchkiss Irvine, 1010 Fifth Avenue 
M illi 1111 S "MacCoinb 772 Miclison Svenue 
Clement B Masson, 403 East 54 Street 


\ inccnt P M ir?ola 

133 Clinton Street Brooklvn 
Cl Hide Monger, 421 M est 113 Street 
Alficd Rominoff, 23 East 74 Street 
Vichibalcl Alclntvre Strong 

ISO Fort "Washington \vcniic 

FEBRL VRY 3, 1938 

\ itus "VI illiam Badia 230 East 18 Street 
William Berman 

12 Chester kveniie, White Finns 
McKecn Cattell 1300 York Vvcniie 
D Stoddard Dooman 

S2 Second Street, Garden Citv 
lav McI can, 133 East 72 Street 
M ilson G Sinillie, 1300 York Vvcniie 
I ouis 1 Soffei 1165 Piik Vvcntie 
Harrv E Ungerleider, 393 Seventh \vcmie 
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VRMSTRoNt, Arthur Sour 103 East Go 
Street, Keu lork Cit\ , horn m IJoine, >.c\\ 
lork, ,7RnuTr\ 14, ISTO, died in New \ork 
Clt^, Jnminri 13, 1038 graduated in medi- 
cine from Cornell Uni\ersit\ Alcdicil Colli gc 
in 1004 elected 1 EelloM of the AcTdcnii 
rclirinr\ 7, 1918 

Dr Armstrong was surceon to the Knick- 
crliocker md Misericordm Hospit ds He w is 
1 Fellow of the Amencin College of Siir- 
ixeons, the Vmeric in Aledinl Association ind 
I meniher of the New A 01 k Count! ind 
State Medual Societies 

IIrowv, Lawrasos 24 Churcli Street, Sari- 
tiac Lake, New Aork horn in llaltimore, 
Alarvland, September 29, 1871 died in Sara- 
nac Lake, New A'ork, December 26, 1937 
receired the degrees of Batlielor of Arts in 
1895 and Doctor of Medicine in 1900 from 
the Johns Hopkins Medical School elected 
a Fellow of the Acadenii Noi ember 4, 1915 

Dr Brown was nsiting phisician to the 
Inuleui Sanatorium, Saranac and consult- 
ing phjsician to the A\ iierh Hills Sana- 
torium, Loiiisiille, Kentucki He w as i mem- 
ber of the Board of Irusfees of the New 
Aork State Hospital for Incipient tubercu- 
losis at Rai Brook, a member of the Board 
of Trustees of Potts Memorial Hospital it 
1 11 mgston , a member of the Adi isorv Coun- 
cil of the Henri Phipps Institute at the 
tmiersiti of Pennsili inn, and of the 
Acliisorj Council of the Milbank Foundation 

Dr Brown was a Fellow of the American 
Aledical Association and a member of the 
Associition of Ameiican Phisicians, the 
American College of Pin sici ms, the Amen- 
can Clinical ind Clim itologic il Association 
and Its president in 1920 the American As- 
sociation for Ihoracic Surgeri, the National 
luberculosis Association md its president 
from I 9 lq to 1923, the American Public 
Health Association, and the Counti and 
State Medical Societies 


He ins the uithor of the book “Rules for 
Recoicii fiom luberculosis’ and contrib- 
uted 111 1111 ai tides for journals on this topic 

Feir, H^R'^r^^^ 952 Fifth Aienue, New 

A ork Citi , born in Colfeuce on the Rhine, 
Germ nil, August 29, 1890 died in New 
A oik Citi, Januari 19, 1918 gr idiiated in 
nitclicine from the I niiei iti of Bonn, Ger- 
niini, in 1918 elected a Resident Fellow of 
the Academi I inuari 5, 1928, and desig- 
nitcd a Fellow m Dermatologl and Siph- 
ilologi in 1933 * 

Dr Feit was dermatologist to tlie A inder- 
bilt Clinic, dermatologist and s\-philologist 
to the Ruptured incl Crippled Hospital md 
loiisultinc dermatologist to the Engleivood 
md Gii eni die Hospitals of New lersei He 
was 1 Fellow of the American Aledical Asso- 
ciition ind 1 member of the Coimti and 
State Aledicil Societies 

GoLDsTrl^, Isidore 1095 Park Aiemie, New 
Aork Citi , born in New A’'ork Citi in 1887 
died in New Aork Citi, December 23, 1937, 
graduated in medicine from Cornell Lnner- 
siti in 1904, elected a Fellow of the Ac idemi 
Alai 2, 1918 

Dr Goldstein w is opbtbalnuc surgeon and 
Associate in ophtlialinologl to the Alount 
Sinai Hospital, senior assisting surgeon to 
the Neil York Eie and Ear Inftrmari and 
consulting ophthalmologist to the Sidenham 
Hospital 

He held a certificate from the American 
Board of Ophtlnlmologi and ins a member 
of the American Academi of Ophth ilmologi 
and Otolnri ngologi and the Counti and 
State Aledical Societies 

Leii, Ramh T 25 Central Pirk AA tst, New 
Aork Citi , horn in New Aork Citi, Febru- 
ary 10, 1888, died in New Aork Citi, Decem- 
ber 12, 1937, graduated in medicine from 
the New A'ork Homeopathic Medic il College 
and Flower Hospital in 1914 elected a 
Fellow of the Academi Jamnri G, 1927 

Dr Leil was a Fellow of the Amencin 
College of Surgeons, the American Medical 
Association, and a member of the Counti and 
Stite Medical Societies 


MILESTONES IN MEDICINE 


UNDER this appropriate title the 1936-37 series of the Lair\- Lectures 
of The New York Academy of iMedicme is published The book con- 
tams a brief mtroducnon by James Alexander Miller, President of the 
Academy, and seven addresses on the historical and psychological aspects 
of medicme 


Wt have read each of these with pleasure and profit and are impressed 
with the ability’’ displayed by these distmguished scienosts in presenunw 
the results of intricate research m a form and stjde agreeable to laymen 
as well as physicians 

The names of the contributors and the odes of the addresses may 
suggest m some measure the reason for the vudespread interest manifested 
this year m the pubhcaoon of the Lait>* Lectures, but the enjojunent 
derived from reading this htde book indicates the well founded basis for 
Its popularity 

The contributors to “Milestones in Medicine” and the subjects of 
the addresses are 


S^riTH Ely Jelliffe 
Cham-es R Stockarh 
KaM. yoGEE 
Frederick Tie vet 
Hekry E Sigerist 
Newtov E Waysov 
"Walter Ti-maie 


The Historical Background of Psvchiatrv 

The Jlechanisms of HerediU 

Medicine at Sea in the Davs of Sail 

The Evolution of the Human Brain 

The Historj of Medical History 

The Histon of Leprosy 

The Story of the Glands of Internal Secretion 


The book is published by the D Appleton-Century Company, con- 
tains 276 pages and costs two dollars 


POSTPONEMENT OF EXHIBITION OF 
PORTRAITS 

THE exlubition of portraits of Presidents of The New York Academy of 
Medicme announced for Februar>^ 14-25 has been postponed to April 
18-30 The Academy extends an imitation to physicians and to the 
general pubhc to view this exhibinon 
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pjeseshshshScSefore entering on my subject, may I say that this title is 
not quite adequate The Pasteur-Meyerhof reaction is the 
mam subject of my lecture, but it is my intention at the 
same time to deal with the metabolism of the aerobically 
jS working muscles on a somewhat broader basis than indi- 
cated by the title 

It IS an assumption frequently encountered in physiological hterature, 
that the metabolism of the aerobically workmg muscles is a pure carbo- 
hydrate metabohsm That assumption cannot have origmated from the 
expenence gamed m metabolism determmations durmg muscular exercise 
It IS a familiar fact that even heavy muscular exercise can be performed on 
a pure fat diet, and with a respiratory quotient which indicates a combus- 
tion almost entirely of fat Experiments by Krogh and Lmdhard\ and 
recently by their pupils”’®, have demonstrated this very convincmgly Of 
course, the fact that hard muscular work can be performed under condi- 
tions in which the respiratory quotient is low, does not disprove the behef 
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that the working muscles oxidize carbohydrate only, for the possibility- 
certainly exists that in the orgamsm— presumably m the hver— there is a 
process of carbohydrate formation from fat, so that the muscles may very 
well be supplied with carbohydrate ey-^en in conditions in yvhich the or- 
gamsm as a whole is metabohzmg fat alone However, this purely hypo- 
thetical possibility can scarcely explain why the conception of a pure 
carbohydrate metabolism in the aerobically working muscles is so hard 
to eradicate, as actually seems to be the case From this remark perhaps 
you voll anticipate that I think that this conception should be discarded 

If we endeavor to discover how such a conception arose, and whence 
It has obtained sustenance all this tune, we shall quickly find that the 
conception of a pure carbohydrate metabolism in the striated muscles 
arises from, and is supported by, the experience gained in experiments on 
the chemistry of isolated muscles, mainly the isolated muscles of cold- 
blooded animals 

The first to make convincing demonstrations of the connection be- 
tween the mechanical function of muscles and a production of lactic acid, 
1 e , a carbohydrate metabolism, were Fletcher and Hopkins'* At this 
juncture, however, perhaps I may be permitted to say that probably^ 
the first to express the supposition of a connection between a formation of 
lactic acid in the muscles and their work was the Swedish chemist 
Berzelius Du Bois-Reymond*' tells us that in 1841 Berzelius stated that 
he had noticed that muscles from animals which had been hunted before 
being killed, seemed to contain very considerable quantities of lactic acid, 
yy-hereas muscles from partly paralyzed extremities seemed to contain 
only^ small quantities of that substance Nevertheless, it yy-as of course the 
famous iny'^estigations of Fletcher and Hopkins* that brought lactic acid 
formation into tlie prominent position m muscle chemistry-^ yvhich it has 
since presen-ed almost intact Their experiments shoyved hoyv lactic acid, 
yy-hich had accumulated in muscle during yymrk, yy-ould disappear after 
the yy-ork yvhen the muscle yvas kept under aerobic conditions Hoyvever, 
the explanation of the disappearance of the lactic acid under aerobic con- 
ditions stands to the credit of iMeyerhof'*, from yvhose fine experiments it 
appeared, that under aerobic conditions lactic acid can be rebuilt into the 
glymogen from yvhich it yy^as originally formed In forming an estimate of 
the value of these investigations, admirable as they are in themselves in 
their more general biological applicability, it must be remembered that 
the direct demonstration of the resynthesis of glycogen from lactic acid 
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can be made only under conditions in which the formaaon and the remov- 
al of the lactic acid are separated m ame Finally, it must be borne m 
mind that, judging from these experiments— on cold-blooded anim al-; 
only, It IS true— the resyn thesis of lactic acid to glycogen seems to be a 
fatrly slow process It is notv easy to see why Meyerhof’s demonstration 
of a carbohydrate cycle glycogen^lactic acid has become generalized, 
in the sense that such a cycle has been accepted as an explanation both of 
the so-called Pasteur reaction in yeast, and of the parallel circumstance 
that no lactic acid formation can be demonstrated in aerobically workmg 
muscles If the theory should be maintained that a breakdown of glycogen 
to lactic acid is an absolutely essential phase m the chemistry of muscle 
contraction, it would become absolutely necessary to assume that a forma- 
tion of lactic acid does take place also in aerobically working muscles, 
indeed a lactic acid formation of the same degree as that taking place in a 
muscle which, under anaerobic conditions, works with the same intensity 
In actual fact, the enture conception of the central role of lacdc acid m the 
chemistry of muscle contraction only became possible when Meyerhof’s 
demonstration of the carbohydrate cycle permitted the assumption that 
the reason why no lactic acid formation can be demonstrated in an aero- 
bically workmg muscle is, that the lactic acid actually formed is rebuilt 
mto glycogen as quickly as it is formed That the theory concerning the 
role of lactic acid formation in muscle contraction (for which Meyerhof 
fought, and especially in his controversy with Embden fought so ener- 
getically) necessitated this interpretation of the Pasteur-Meyerhof re 
action m the muscles, and thereby made the same interpretation of the 
Pasteur reaction in yeast probable, is undoubtedly the psychological 
reason why this interpretation was accepted without hesitation For ac- 
tually, the direct proofs of the correctness of this view are not strong 
By the Pasteur reaction is understood, as you know, the circumstance 
that under aerobic conditions fermentation recedes, in some cases com- 
pletely, so that the yeast has a metabolism that is purely oxidative As far 
as we can see, Pasteur himself conceived fermentation and oxidation as 
two mutually independent metabolic processes, m the sense that they are 
not coupled processes, but two reacaons which can replace each other 
Nowhere does Pasteur express the supposition that the cause of the 
recession of fermentation under aerobic conditions is that the terrmnal 
products of the fermentation process, or intermediate products, are 
resynthesized into carbohydrate That interpretation is Meyerhof’s® 


That the so-called oxidation coefficient, or the Meyerhof coefficient 
IS of fairly constant value, has been regarded as evidence that Meyerhof’s 
interpretation of the mechanism of the Pasteur reaction is correct, that is, 
as evidence of a couphng between oxidation and resynthesis into carbo- 
hydrate By the oxidation coefficient is understood the ratio between the 
recession of the fermentation or glycolysis under aerobic conditions and 
the oxidation mtensity The determmation of this coefficient is of course 
of value only, when it concerns yeast or tissues m v hich a residue of the 
fermentation or glycolysis persists under aerobic conditions It must be 
pointed out, however, that this coefficient displays nothing like pro- 
nounced constancy And m those cases m which there has been an assump- 
tion that a conformity exists between the oxidation coefficient in yeast and 
tumor tissue, and the oxidation coefficient in muscle, it must be pointed 
out that no such conformity has been proved The oxidation coefficient 
for muscle has been calculated on the basis of experiments on the direcdy 
demonstrable resynthesis of lactic acid to glycogen in muscle which, 
after having worked anaerobically, is supplied with ox^’-gen In the first 
place, the ratio found in such experiments betv^een “disappeared lacuc 
acid” and oxidation (ox}'-gen consumed durmg restoration) is not at all 
constant, and in the second place, the question of how the basal metabo- 
lism of the muscle m the verj^ long period of recover)'" is to be ac- 
counted for m the calculation is a most uncertain one Fmally, it must 
be pointed out, and that is perhaps the most important point, that the 
calculations are made on the supposition that the resynthesis of lacuc 
acid IS the only endothermic reaction in recovering muscles in vffiich the 
oxidation energy is engaged, whereas we now know that other endo- 
thermic reactions take place (resynthesis of creatine phosphoric acid) 
All m all. It must be said that the postulated constancy of the oxidauon 
coefficient m various tissues does not contain any demonstrable evidence 
that the Pasteur-Meyerhof reaction depends upon a coupling betw'een 
a resynthesis of carbohydrates on the one hand, and oxidations on the 
other 

It has been asserted that the correctness of Meyerhof’s mterpretation 
of the mechanism of the Pasteur-Meyerhof reaction is proved by Meyer- 
hof’s experiments with yeast’, the object of which was to show more 
directly an oxidative resynthesis to carbohydrate of the final product of 
the fermentation process, alcohol Thus these experiments would corre- 
spond exactly with the demonstration of the oxidative resynthesis of lacuc 
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acid to glycogen in muscles durmg aerobic recovery Whereas m Meyer- 
hof’s muscle experiments® it has been possible to show directly an mcrease 
of the glycogen content m the muscles, proceedmg in equal pace mth the 
disappearance of the lactic acid, no correspondmg direct demonstration 
has been made of an mcrease of the carbohydrate content m yeast respir- 
ing m an alcohohc medium On the other hand, Meyerhof^ under such 
conditions found a very low respiratory quotient, the respiratory quouent 
when yeast oxidizes alcohol usually bemg as low as o 3 Meyerhof took 
this low quotient to be evidence of a resynthesis of carbohydrate, a reac- 
tion having the character of a partial oxidation and therefore bound to 
give a low respirator)'' quotient From the respiratory quotient Meyerhof 
calculated the ratio between oxidized and resynthesized alcohol, that is 
to say the “oxidation coefficient”, and found that it was of the same value 
as the oxidation coefficients in yeast calculated m other ways and the cor- 
respondmg coefficients m tumor tissue and muscle 

I have made experiments of the same land®, and have been m a position 
to confirm the regular occurrence of very low respiratory quotients when 
yeast respires m alcohohc medium, at the same time, however, I consider I 
have been able to show that Meyerhof’s mterpretation of these very low 
quotients is incorrect 

If a moderate quanuty of alcohol is employed m the medium, and the 
experiments are contmued for some hours, it ^vlll be found that m the first 
periods the respiratory quotient is very low At a certam pomt of time, 
dependent on the amount of alcohol added to the samples, the respiratory 
quotient rises quickly, rather suddenly and reaches umty It can now be 
shovm that as long as the respiratory quotient remams low, an organic 
acid accumulates m the samples, and, when the quotient rises, the organic 
acid begins to disappear while simultaneously the intensity of oxygen 
absorption begms to decrease If the experiments are discontmued at a 
time when alcohol still remams m the samples, it is possible by direct al- 
cohol determmations to estabhsh the amount of alcohol that disappeared 
durmg the experimental period From the carbon dioxide output and the 
durectl)'- determined acid formation (determmed as mcrease m ether- 
soluble acids). It IS possible to calculate the total amount of alcohol oxi- 
dized completel)^ and that oxidized to orgamc acid If the sum of these 
two values is compared with the directly determmed loss of alcohol, we 
find that the latter is somewhat greater than the sum of the other two 
tallies Thus some alcohol seems to have disappeared which cannot be 


THE BULLETIN 


I 68 


accounted for, and M^hich consequently may have been converted into 
carbohydrate This quantity, however, is much smaller m proporuon to 
the alcohol oxidation than that calculated by Meyerhof The latter calcu- 
lated the ratio between alcohol resynthesized mto carbohydrate and alco- 
hol oxidized at 3 i , according to my experiments the ratio cannot be 
more than i i, that is to say a ratio of dimensions quite different from the 
oxidation coefficient found previously There can be no doubt that the 
very low respiratory quotients are mainly a result of the fact that alcohol 
IS oxidized by yeast in tv'^o phases, the alcohol first being converted into 
organic acids (presumablv acetic acid), vffiich thereupon are oxidized 
completely 
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As I attach some importance to these experiments I shall take the lib- 
erty of going mto them a little further and showing you some of the 
numerical data The experiments were carried out partly vnth normal 
yeast and partly Math yeast poisoned Math lodo-acetic acid, Mffiereby the 
ability of the yeast to ferment is destroyed In table i you see the results 
of five experiments Math normal yeast and five m ith poisoned yeast The 
last column con tarns the calculated formaoon of carbohydrate You Mill 
obsen’^e that m the poisoned samples, Mffiich by the M’^ay have a rather 
loM'^er oxygen absorption than the normal samples, there is no evidence of 
any carbohydrate formation, xvhereas m the normal samples there is The 
ratio of alcohol oxidized to alcohol resynthesized appears from a compari- 
son between the fourth and the last column There is no difference, hov'- 


The Pastetn -Meyerhof Reaction in Muscle Metabolism i 6 9 


ever, in the respiratory quotient in the two series of experiments Thus we 
may say that the respiratory quotient in the normal samples does not 
appear to reflect any carbohydrate synthesis Only when we make the 
rather complicated calculation, the elements of which are the output of 
carbon dioxide, the alcohol determinations and those of the ether-soluble 
acids, IS any carbohydrate formation revealed In advance it was reason- 
able to assume that there would be no carbohydrate formauon, at any 
rate in yeast poisoned with lodo-acetic acid, and no such formation could 
in fact be demonstrated Therefore, the consequence of the close agree- 
ment between the value of the respiratory quotient and its variations m 
experiments with normal and poisoned yeast is, that we cannot feel fully 
convinced that carbohydrates really are formed in the normal samples 
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In table 2 I have shown the results of two experiments with normal and 
poisoned yeast, contmued so long that the alcohol disappeared entirely, 
the oxidauon intensity has fallen to the same low values as are found for 
yeast suspended in pure phosphate buffer In other words, the experiments 
were continued till the samples were practically free of substrate You 
will observ^e that the quotient rises through the experiment— rather more 
gradually m the poisoned sample than m the normal one If we calculate 
the quotient for the total experimental period we get o 54 for the poisoned 
sample and o 59 for the normal one, that is to say, quotients that are rather 
below the quotient for a pure alcohol oxidation, but of almost equal size 
m the two samples W ere the reduction of the quotient due to a formation 
of carbohydrate, the latter would, according to these experiments, in 
M hich the calculation is not very complicated, be just as pronounced in 



THE BULLETIN 


I 70 


the poisoned sample as m the normal There is nothmg to show that the 
organic acid in the normal sample passes through a conversion to carbo- 
hydrate before bemg completely oxidized I therefore consider that my 
experiments entitle me to conclude that, even if one cannot definitu ely 
deny the possibdity of a synthesis of alcohol to carbohydrate, no real 
evidence can be produced to show that such a process does occur If a 
synthesis of alcohol to carbohydrate does occur, at any rate the oxidaoon 
quotient of that process has a value quite different from the one Meyer- 
hof^ calculated, and from the one which can be calculated on the oxida- 
tion mtensity and the recession of the fermentation when yeast respires 
in carbohydrated medium Consequently, nothing in these experiments 
tends to show that Meyerhof’s interpretation of the mechamsm of the 
Pasteur-Meyerhof reaction is correct, and therefore there is some justifi- 
cation in aslong if there is any reason for continuing to accept that inter- 
pretation 

You xvill recollect my saying that Meyerhof’s interpretation was, so 
to speak, necessary if the conception of lacac acid formation as an essen- 
tial part of the chenustry of muscle contracuon were to be maintained 
Here agam it is not possible today to discern any reason for persisting m 
this interpretation 

At the present moment it is doubtless generally acknowledged that 
the formation of lactic acid is not essential to the chemistry of muscle 
contraction I beheve there is reason for saymg that the introduction of 
lodo-acetic acid poisoning in muscle chemistry'’ has contributed very' 
considerably to the rapid and complete acceptance of that view 



Fig 1 

Txpical series of isometric twitches performed b> a 
pTstrocnemiiis muscle poisoned with lodo acetic acid 
"Muscle weight 07 g Distance between two horizontal 
lines 200 g tension 

Though for obvious reasons the mvestigations on the chemical 
changes m workmg muscle poisoned with lodo-aceoc acid holds a 
favorite place m my heart, on this occasion I shall deal only briefly with 
the results achieved from the experiments®*^® 
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The effect of lodo-acetic acid is an inactivaaon of the enzyme system 
involved m the formation of lactic acid A muscle poisoned with this 
compound is capable of performing a series of 60-90 twitches anaero- 
bically ^vlthout any formation of lactic acid taking place and then goes 
into rigor (Figure i ) The rwitches are in all respects completely normal, 
that IS m respect of latent time, duration of the twitch, heat formation, 
development of tension and action current The total amount of work 
which an isolated poisoned muscle is able to perform is, however, smaller 
than that which a normal one can perform This may be expressed by 
saymg that the energy resen^e available under anaerobic conditions is 
decreased when the abihty to form lactic acid is abolished These facts 
alone give a clear conception of the role played by the formation of lactic 
acid m the chermstry of muscle contracaon The formation of lactic acid 
is not a necessary link in that chemistr)'’, and consequently this process 
cannot have any direct connection with what we may call the mechamsm 
of contraction On the other hand, the formation of lactic acid or the 
abihty to form lactic acid must be looked upon as an important energy 
resen’^e available under anaerobic conditions 

A^^hen wt determine the chemical changes occurring in an lodo-acetic 
poisoned muscle durmg stimulation, we find that the intensity of the 
breakdoivn of creatme phosphoric acid is greater than m a normal muscle 
When a poisoned muscle has performed a series of 60-90 twitches the 
muscle IS exhausted and goes into rigor At this stage the total amount of 
creatme-phosphoric acid has been broken down, and, moreover, the 
adenylic phosphoric acid has been broken down too In a normal muscle 
only about one-third of the creatine phosphoric acid has been broken 
dovTi after the performance of 60-90 rwitches The energy liberated 
durmg the anaerobic work of a poisoned muscle undoubtedly originates 
from the breakdown of creatine phosphoric acid Having regard to the 
time I have at my disposal I shall not venture upon a discussion of this 
statement 

There is one pomt, however, elucidated through my experiments with 
muscle poisoned with lodo-acetic acid, which I would like to deal with 
more fully, as it is of essential importance to the subject of my lecture 
today 

When two symmetrical sartorii, which have been poisoned by soakmg 
m Rmger solution to which lodo-acetic acid has been added, are stimu- 
lated, one in oxj’-gen and the other m nitrogen, it is seen that the muscle 
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supplied with oxygen is capable of performmg much more work than the 
muscle stimulated m mtrogen The latter will be completely exhausted 
and go into rigor at a ume M'hen the other muscle is still givmg maximum 
tension This is illustrated by these records, from experiments of the kind 
I have described (Figure 2) If the muscle which has worked aerobically 
IS analyzed at a point of time v hen it has performed a much greater work 
than the completely exhausted anaerobic muscle, it vtII be found still to 
contain considerable quantities of creatine phosphoric acid This means 
that there can be no doubt that energ)'^ arising from oxidation processes 
can be utilized in the production of mechanical energ)^ that is to say, 
utilized for the performance of exterior xvork, even under circumstances 
where there can be no question of intermediate lactic acid formation 
That such a formation is out of the question, may be concluded with 
certainty from the fact that the symmetric muscle, workmg under an- 
aerobic conditions, passes through the series of tvutches in a manner 
characteristic of a muscle completely poisoned xvith lodo-acetic acid 
We cannot say vith certainty \vhether under these circumstances 
the oxidation energv’' is utilized through an oxidative resynthesis of crea- 
tine phosphoric acid, or is transferred more directly to vdiat we may call 
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“the mechanism of contraction” As long as it has not been shown that 
the breakdoMm of creatine phosphoric acid is not a necessary link - m the 
chemistry of muscular contraction, I shall consider it most natural to 
assume that the oxidation energy is utilized through an oxidative resyn- 
thesis of creatine phosphoric acid, but perhaps the day is not far distant 
v^hen it u ill be possible to show that the breakdown of creatine phos- 
phoric acid IS not an obligatory process m the chemistry of muscle 
contraction, just as it has been possible to show this as far as lactic acid 
formation is concerned 

To my mind the follouung conclusions are justified from the results 
obtained in experiments with muscles poisoned with lodo-acetic acid 
The formation of lactic acid is not an essential element in the chem- 
istry of muscle contraction, nor is an intermediate lactic acid formation 
a necessary element in the utilization of oxidation energy for the pro- 
duction of mechanical energy in the muscles 

Accordmgly, the experience gained in experiments vnth isolated mus- 
cle no longer provides a reason for assuming that in aerobically w^orking 
muscle there is a constant intermediate formation of lactic acid which, as 
quickly as it is formed, is resynthesized to glycogen Another way of 
expressing this is, that no reasons can be found for accepting Meyerhof’s 
interpretation of the Pasteur-iMeyerhof reaction in aerobically working 
muscles On the other hand we can still speak of a Pasteur-iMeyerhof re- 
action in aerobically working muscles, as by this we merely understand 
the circumstance that the formation of lactic acid decreases in the muscles 
under aerobic conditions 

The question may now be asked If we cannot accept the factors 
which originally supported the “classic” view of the Pasteur-iMeyerhof 
reaction in the striated muscles, then are there any others to be advanced 
in favor of that \ lew^ I do not think so 

There are experiments on the blood lactic acid concentration in man 
during and after muscular exercise, and these experiments to my mind 
rather argue against the classic view of aerobic muscle metabolism Exper- 
iments of this kind were made by O Bang”, partly in Krogh’s institute 
and paitly in mine 

By means of a micro-method, iv^hich makes it possible to measure the 
lactate concentration in blood samples of only o i cc , Bang has follou ed 
the variations in the blood lactate concentration during and after exer- 
cise Thanks to the method employed, the concentration could be deter- 
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mined at short mtervals, whereby a reliable cun^e was obtained for the 
variations As far as the present subject is concerned, greatest interest 
attaches to those e\periments m which the workmg intensity was such 
that a “steady state” was qmcldy arrived at Figure 3 shows three 
curves from such experiments It will be seen that immediately after the 
commencement of the exercise the blood lactate rises quickly and reaches 
a maximum in the course of from seven to ten minutes Then the con- 
centration begms to fall, even when the work is continued This means, 
then, that even under conditions in which a steady state is arrived at for 
oxygen absorpaon, this does not happen with the lactic acid concentra- 
tion, at any rate, not in the blood In experiments in ndnch the workmo- 
intensity is less, and the primary mcrease of the blood lactate is conse- 
quently lower, the blood lactate falls even to basal values during the 
work Even if we cannot assume that the blood lactate at any moment 
reflects the concentration m the workmg muscles, the fallmg blood 
curves to me are incompatible with the conception of a high, constant 
level in the working muscles throughout the -working period This applies 
especially to the experiments m which the blood lactate fell to basal 
values during the work Now, this high and constant level is necessary 
if the classic view of the metabolism of the aerobically workmg muscles 
IS to be upheld According to that view, the assumed constant lacuc 
acid production was supposed to lead m relatively few mmutes to the 
attainment of a constant, increased lactate level m the active muscles, 
subsequently maintained throughout the “steady state” The constant 
level. It was thought, was attained by the rise m lactate concentration in 
Itself inducing a rise m the intensity of oxidation, which m turn would 
involve a rise m the lactate resynthesis, until an equilibrium was estab- 
lished between production and resynthesis, at a level depending on the 
intensity of lactic acid formation, 1 e , the intensity of work 

It is an outstanding feature of the cun’^es m Figure 3 that the fall in 
blood lactate continues steadily after cessation of the work This is diffi- 
cult to reconcile with the conception that durmg work a very intensive 
production of lactic acid proceeds m the active muscles, but that this 
ceases simultaneously with the work In that case one would expect to 
find a much quicker fall after work ceased In reality, however, the three 
cun es are almost identical, although they represent experiments with 
varsnng periods of work The workmg intensity, on the other hand, was 
the same m all three experiments 
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Personally, I am mclmed to believe that Bang’s mterpretation of the 
experiments may be correct According to Bang^^, we must assume that 
an mtensive formation of lactic acid takes place in the active muscles in 
the first mmutes after the commencement of work Presumably the rea- 
son IS that It takes a certain time for the general and local circulations to 
adapt themselves to the increased demand for oxygen Until the curcu- 
lauon IS adjusted, the muscles work partly anaerobically, that is to say 
they utilize the anaerobically available energy depot represented by the 
ability to form lactic acid When the circulauon is adjusted and the oxy- 
gen supply to the muscles is adequate, all formation of lactic acid ceases 
Thus, at the commencement of work a depot of lactic acid is formed m 
the active muscles The size of this depot is independent of the duration 
of the work, and solely dependent on the mtensity of the work The 
greater the intensity of the work, the greater quantity of lactic acid can 
be formed before the circulation has become adjusted 

However, even if there is much m favor of Bang’s interpretation of 
the experiments, it must be said that not even that mterpretanon provides 
a fully satisfactory explanation of the circumstance that the fall of blood 
lactate continues steadily after cessaaon of work The depot of lactic acid 
which, accordmg to Bang, is presumably formed in the active muscles 
during the first minutes of the work, must be imagined as being removed, 
partly by diffusion to the blood and from there to resting organs (prmci- 
pally the liver), partly by oxidation in the active muscles, and finally by 
resynthesis to glycogen in the active muscles A^^hereas the latter process 
may well be a slow one, it is hard to understand that the oxidation of lactic 
acid in the active muscles does not proceed with considerable intensity, 
and especially with greater mtensity durmg work, when metabolism is 
greatly increased, than after cessation of work A dependence of the rate 
of lactic acid removal on the rate of metabolism actually has been demon- 
strated by Newman, Dill, Edwards and Webster^" 

For this reason the fact that the blood lactate concentration may fall 
and even reach the basal level during the working period must be con- 
sidered the most clearcut and consequently the most important result of 
the determinations of the blood lactate concentration durmg muscular 
exercise As already mentioned this observ^ation is mcompatible with the 
classic view, accordmg to which the metabolism of aerobically working 
muscles includes an obligatory mtermediate lactic acid formation, which 
IS balanced by an oxidative resynthesis of the lacnc acid formed 
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If now we return to the theory of a pure carbohydrate metabolism m 
the active muscles, it must be said that we have been unable to find any 
support for that theory in the experimental facts to which I have so far 
referred This is a matter of considerable weight, as it ehminates the basis 
on Avhich the theory to my mind has principally rested 

As I have laid particular stress on Meyerhof’s interpretation of the 
Pasteur-Meyerhof reaction as a basis for the theory of a pure carbo- 
hydrate oxidation in aerobically working muscles, I should state at the 
same time that this interpretation, as mdeed pointed out by Aleyerhof too, 
does not require as an inevitable consequence that the metabolism of the 
active muscles be a pure carbohydrate oxidation There is the possibility 
that the energy necessary for the endothermic lactic acid synthesis is 
produced by the oxidation, not of lactic acid oi carbohydrate, but of 
fat or protein This, hov^ever, does not alter the fact that Meyerhof’s 
interpretation of the Pasteur-Meyerhof reaction has been regarded, and 
justly so I think, as an argument in favor of the assumption that the 
aerobically working muscles oxidize carbohydrate only 

Personally, I am inclined to the opinion that under such conditions, 
in which a formation of lactic acid actually takes place in the active 
muscles, the effect is that the oxidaaon proceeds entirely, or principally, 
at the expense of carbohydrate In muscle umrking partly anaerobically 
there will be simultaneously lactic acid formanon and oxidation With 
very intense muscular exercise, which can only continue for a short time, 
the muscles will work to an appreciable degree anaerobically, and under 
just such conditions we see respiratory quotients of about unity, even 
when the quotient m rest lies much lower Exactly the same thing is seen 
in the untrained subject during moderate work Here, too, the respiratoiy 
quotient rises and remains high during the work, and simultaneously the 
blood lactate curve rises steadily as a sign that the muscles are working 
under partly anaerobic conditions 

If It be true, as I am inclined to believe, that lactic acid formation in 
the active muscles always leads to a high respuatory quotient, that is to 
say, to a combustion of carbohydrate, then it must be said that the low 
respiratory quotients seen in well-trained individuals on a fat diet, even 
during the performance of heavy work, also indicate that lactic acid 
formanon is no obligatory Imk in the metabolism of the active muscles 

In conclusion, I would refer to a matter which, to me, has been of no 
small importance in judging the question of whether there is reason for 
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assuming that the metabolism of the aerobically workmg muscles is of 
specific character For if it is, the most natural conclusion to draw is that 
it IS a pure carbohydrate metabohsm 

AVhat I have in mind in this connection is the fact that the mtensity of 
alcohol oxidation is not affected by muscular exercise 

I admit that the question of whether muscular exercise affects the 
mtensity of alcohol oxidation has been answered variously by different 
authors Nevertheless, in recent years more and more have accepted the 
view that the question must be answered in the negative Among the 
experimental results which seem to show that the intensity of alcohol 
oxidation is not increased during muscular exercise, those of Nyman and 
Palmlov^^ are particularly convincing As shown in experiments by 
Widmark^^ and others, however, the intensity of alcohol oxidation in- 
creases if metabolism is stimulated by dimtrophenol This is also the case 
with thyroxm, according to Le Breton’s preliminary experiments^® As 
alcohol oxidation represents up to 80 per cent of the basal metabohsm, it 
would seem necessary to assume that part of the alcohol oxidation pro- 
ceeds in the muscles Therefore, the circumstance that an increased met- 
abohsm conditioned by muscular exercise does not increase the alcohol 
oxidation, whilst an mcreased metabolism produced by stimulating drugs 
does, seems to justify the conclusion that there is a specific difference 
betiv^een the metabolism of the restmg muscles and that of the active 
muscles In her monograph on alcohol oxidation Le Breton^® actually 
arrives at a conclusion to this effect 

The circumstance that muscular exercise does not increase the inten- 
sity of alcohol oxidation might, however, have the explanation that 
neither m rest nor m work is alcohol metabolized directly in the muscles 
If we imagine that alcohol oxidation is a specific function of the liver, it 
IS easy to understand that an mcreased metabohsm, due to an mcreased 
energy output m the muscles alone, does not increase the alcohol oxida- 
tion, whereas an mcrease of the metabohsm intensity m all tissues, the 
liver included, does involve an mcrease of the alcohol oxidation 

One difficulty m assuming that oxidation of alcohol takes place only 
in the liver, is that the absolute quanuty of alcohol oxidized m rest, as 
already stated, represents up to 80 per cent of the basal oxygen absorp- 
tion, whereas m the liver the oxygen absorption amounts to only 30 or 40 
per cent of the total basal oxygen absorption Therefore, the assumption 
that alcohol oxidation is a specific liver function is conditional upon the 
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alcohol o\idaoon in the liver being a paraal ovidation A prion tint idet 
cannot be dismissed, so much the more as paraal oxidaaons are undoubt' 
edly a characterisuc feature m the metabolism of the liver Eien it mc 
must also assume that the paraally oxidized product formed in the In er 
IS oxidized in all tissues, the muscles included, the primary oxidanon m the 
liver will nevertheless be the limiting factor for the disappearance of alco- 
hol in the M hole system 
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That the supposition I have sketched is undoubtedly correct appears 
from certain experiments, as yet unpublished, which I hate made on 
alcohol oxidation m artificially perfused isolated livers and hind-limb 
preparations These experiments show that, m the liver alcohol under- 
goes a rapid but primarily only paraal oxidation, whereas alcohol is not 
affected oxidatively at all in a hind-limb preparaaon I shall take the 
liberty of showing you one or two cun'’es from these experiments 

From the cun'’es (Figure 4) it aviII be seen that the concentration of 
alcohol m the blood uFich is perfused through a liver falls quickly and at 
quite a constant rate In the course of mnety minutes the entire quanua' 
of alcohol (300 mg ) has disappeared The quantity of ox)’-gen necessar)^ 
to oxidize 300 mg alcohol completely is 440 cc The oxygen absorption 
m the first ninet^T- minutes was only 225 cc After adding the alcohol, the 
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respiratory quotient falls from o 69 to o 37 This extraordinarily low quo- 
tient can only be explained as being due to incomplete oxidation The lack 
of conformity between the quantity of disappeared alcohol and the ab- 
sorbed quantity of oxygen may be explained m the same manner In 
addition, the alkali resert'^e of the blood falls as a sign that acid products 
are being formed "When the alcohol has almost disappeared from the 
blood the alkali reserve begins to increase again At the same time the 
respiratory quotient also rises, in the last determinaoon m this experiment 
It reaches a value of o 9 The increase of both the alkali resettle and the 
respiratory quotient must be assumed to be the result of a complete oxida- 
tion of the partially oxidized acid products formed in the first period 
after adding the alcohol Incidentally, the similarity between an experi- 
ment of this kind and the yeast experiments previously mentioned is very 
striking 

The acid product formed in the liver experiments was not isolated 
and identified, but there can hardly be any doubt but that it Avas 
acetic acid As acetic acid oxidizes with great rapidity m the living organ- 
ism, It may be assumed that the acetic acid formed in the liver of an intact 
animal after the addition of alcohol is earned with the blood to all the 
different tissues and oxidized there 

In an isolated hind-limb preparation, alcohol is not affected oxida- 
tively at all After diffusion balance is established we see only a very slow 
fall in the blood alcohol concentration, a fall which does not exceed that 
seen m control experiments, in which the blood is circulated through the 
apparatus without passing living tissue (Figure 5) 

The absolute quantity of alcohol oxidized in an isolated liver, per 
gram of liver tissue and minute, averages no more than 60 per cent of the 
quantity oxidized in the entire animal per gram of liver tissue and minute 
Probably the cause of this is that the oxygen consumption of the liver, 
that IS to say the metabolism intensity, falls distinctly in the course of the 
first five or ten minutes after isolation, so that we must also assume that 
the alcohol oxidation in a liver m situ is greater than in an isolated liver 
The dommating role played by the liver m alcohol oxidation also appears 
from the fact that in eviscerated animals, the alcohol oxidation is extreme- 
ly lov and does not exceed 10 per cent of that of intact animals 

Thus the assumption that the oxidative metabolism of the active 
muscles is of a specific nature cannot find support in the circumstance 
that the intensity of alcohol oxidation is not increased during muscular 
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exercise, for the explanation is that alcohol is only primarily affected 
oxidatively in the liver, so that it is the pnmary oxidation m the luer 
that becomes the limiting factor in the alcohol oxidation of the total 
orgamsm 

As I have said, it may be assumed that the partially oxidized product 
formed in the liver can be oxidized completely in the various tissues, the 
muscles included I point this out, even if at the moment I cannot submit 
direct experimental evidence of it, because I am inclined to think that the 
same applies to the oxidation of fatty acids It is probable that the high- 
molecular fatty acids are not attacked, or nor readily attacked oxidatively 
m the muscles On the other hand, partly oxidized products of the fatty- 
acids, such as ^-hydroxybutyric acid and other ketone bodies, are 
very readily oxidized m the muscles The fact that the oxidation of ketone 
bodies in the muscles is increased when the muscular metabohsm is 
stimulated by work has been proved by experiments performed by 
BIixencrone-Moller in my mstitute As these mvesogations have not yet 
been published I shall merely deal with them very broadly 

If a cat-Iiver with a high fat content and poor in glycogen is artifi- 
cially perfused, that liver will yield very considerable quanuues of ketone 
bodies to the blood A liver from a cat which for some days has been 
treated with phloridzin, or a liver from a pancreatectomized cat, will m 
the course of two hours produce and transfer to the perfusion blood from 
200 to 300 mg of ketone bodies or even more Now if such blood, which 
IS rich in ketone bodies, is perfused through an isolated hmd-limb prepa- 
ration, the total quantity of ketone bodies xviU disappear in the course of 
one and one-half to two hours This means that the quantity of ketone 
bodies capable of being formed by a liver, even under circumstances in 
■which that formation is profuse, can be got rid of at a rate corresponding 
to the rate of formation in a mass of muscle representing less than half 
of the total muscle of the animal If the experiment is performed so that 
the musculature of the hind-limb preparation is stimulated for a period of 
fifteen minutes, whereby the ox)''gen consumption of the preparation 
rises to about four times the basal consumption, all the ketone bodies will 
have disappeared in the course of only twenty to thirty minutes There- 
fore It IS not open to doubt that ketone bodies are utilized as a fuel in mus- 
cular exercise It must be regarded as very improbable, not to say out of 
the question, that ketone bodies in an isolated muscle preparation are 
converted into carbohydrate before they are utilized 
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The assumpuon that fat oxidation proceeds m such a manner that the 
fatty acids in the liver undergo a partial oxadation to )8-hydro\ybutyric 
acid, and that it is this partly oxidized product which is utilized in the 
muscles, provides a natural and plausible explanation of the circumstance 
that the efficiency m muscular exercise is lower with pure fat combustion 
than with chiefly carbohydrate combusnon, as has been proved by Kjrogh 
and Lmdhard^ 

In the course of this lecture I have referred to experimental results 
from very different fields within physiology from research on the oxida- 
tive metabolism of yeast, from experiments with muscle poisoned by lodo- 
acetic acid, the concentration of blood lactate in man durmg muscular 
exercise, the metabolism of alcohol m the organism, and the metabolism 
of fat m the isolated liver To me, all these results, however different in 
nature they may seem, have been of significance in my consideration of 
the problem of the aerobic metabolism of muscle 

There is no doubt that this problem is capable of elucidation in many 
other and better ways I have mainly quoted results from fields in which 
I myself have worked experimentally, and which therefore have played a 
very special part for me in my dehberations In my opmion, all the va- 
rious relations I have submitted to you are comformable, in that they 
contain no basis for the assumption that the aerobic metabolism of the 
active muscles is a pure carbohydrate metabolism, indeed, some of them 
are directly contradictory It is possible that some of you share the view 
I have arrived at from this, that the aerobic metabolism of the active 
muscles is not a pure carbohydrate metabohsm, whereas others do not 
I scarcely imagine that I have convinced those who do not share my view, 
but It has been a source of great pleasure to me to have the opportunity 
of going so deeply into the considerations on which my opinion of the 
problem is founded 
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IS becoming increasingly the vogue to commemorate 
centennials There is frequently little true sentiment m 
these gestures, the centemual becomes an excuse for a 
celebration or for an exploitation Too often the attitude 
is not that of reverence for great events of the past, 
instead, the past becomes only a convement background against which 
the presumed progress of the present may be displayed by contrast I 
mention this attitude because I venture to brmg to you tonight the 
materials for a medical centennial, and I do not want my object or my 
attitude mistaken Neither is in the vogue I want, if I can, to revive 
the past and make it live just for a moment in some of the realities it 
possessed And my attitude is that of an almost religious obeisance to one 
of the great men and one of the great events of medicine Tonight I 
bring you nothmg new but only the hope that in reviewing together 
here briefly the life of a man we may pause together in our busy ways 
of the present to revere his memory and to acknowledge a debt 

There have been men— and you can count their number on the fingers 
of your hands— who have taken up great boulders far beyond the strength 
of ordinary men and with them have laid down the foundation upon 
which medicine is erected Johannes Muller was such a man The reason 
that we might celebrate in his honor this particular year of 1938, and the 
reason for my paper tonight will become evident from a quotation that 
I read from his works His words and his sentences as you will see form 
the foundation for the modern conception of the nature of cancerous 
grovTrhs In quotmg him I pick and choose only a few pertinent sen- 
tences from a dozen pages of his book entitled “On the Nature and 
Structural Characteristics of Cancer and of those Morbid Growths 
Which may be Confounded with it ” The book vas published in 1838 
The first sentence I quote shows with pathetic clarity the lack then 
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of any adequate means of differentiating malignant from nonmalicrnant 
grownhs Muller uTites “Usually it is regarded as an infallible sign of 
malignancy if a tumor, after having been extirpated once or twice ' 
returns to the same spot ” 

As to the need of some better criterion he says “All these circum- 
stances, while they render it extremely easy to confound tumors naturally 
innocent and dangerous only under certain circumstances, with such as 
are by nature malignant, afford many additional reasons for seehincr 
some surer means of distinguishing between the two than we at present 
possess ” 

He then goes on to say that the classification of morbid grov ths is 
wholly deficient, that there is literally none As a first step toward clari- 
fying the confusion he has made a collection of tumors at the Royal 
Museum of Berlin Of this collection he says 

“On close inspection of the preparations, many were met with 
presenting such peculiarities that it was not possible to assign them any 
certain place in accordance with the state of knondedge at that time 
Soon It became evident that if the classification of so many important 
objects were to have any real value, it would be necessary to devote 
many years to the examination of them and of other fresh pathological 
specimens, and to this task the author accordingly betook himself ” 
Muller next turned to his microscope to utilize the method that he 
was instrumental in introducing into pathology, he examined under the 
microscope the tissues in his collection 

He says “As early as the year 1836 the author had recognized with 
the microscope the cellular nature of various morbid growths the 
cells unless magnified from 400 to 500 times generally look like granules, 
but on the employment of a high power the cellular structure of most 
morbid growths becomes apparent ” 

He goes on further to say that the cellular form in a neoplasm 
resembles in general features that of the tissue in which the growth 
occurs And then, and perhaps most important of all, he relates the cellu- 
lar physiology of neoplasms to that umversal for normal tissues He says 
“The part which cells sustain in the composition of all morbid 
growths has recently acquired additional importance from the investi- 
gations of Schleiden and Schwann The researches of the former relate 
to the development of the young cells of plants from nuclei formed in 
the interior of the parent cells, those of the latter refer to the analogy 
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between animal and vegetable structures According to Schwann all 
tissues in the embryo are formed from cells, which are themselves devel- 
oped from nuclei, the growth being the result of fresh formations of 
cells, which afterwards undergo transformation mto other tissues These 
observations ” (and I break my quotation here to mention, what I 
shall deal with more fully later, that Schwann was the pupil of AluUer 
and made his mvestigations on the cell in Muller’s laboratory and under 
Muller’s inspiration) I contmue “These observations led the author to 
examine morbid growths very carefully By employing a high magm- 
fying power, cells were observed in malignant growths The nuclei 
of the cells were discovered m many instances too, young cells were 
found Thus, then, as might have been anticipated, did examination of 
morbid structures confirm Schwann’s obsen'^ations touching the devel- 
opment and growth of healthy tissues ” 

The statements which Johannes Muller makes are the begmmng of 
the cellular pathology which his brilliant young pupil Virchow ex- 
panded durmg the next ten years into a basic concept Johannes Muller 
in 1838 m unmistakable language— and for the first time— said that cancer 
is cellular and that the cellular form resembles that of the tissues from 
which the cancerous growth springs There in his discovery is the foun- 
dation for all modern classification, diagnosis, therapy and research in 
oncology 

Tonight, using the discovery of Johannes A'luller as the dividing 
point between ancient and modern, I want to outline briefly the concep- 
tions of cancer before and after his work But mainly I wish to recall 
to you the man whose discovery we are privileged to celebrate this year 

The external manifestation of neoplasms had, of course, been recog- 
nized from early antiquity The Ebers papyrus gives evidence that the 
Egyptians knew of tumors, the mention is of a lipoma Hippocrates 
VTote of cancers, and used the term carcinas for inflammatory swelling 
and the term carcinoma for a neoplasm Celsus went even further, he 
recognized clearly visceral forms of cancer and attempted to differenuate 
clinically malignant from benign neoplasms Galen observed cancers with 
considerable accuracy but at once obscured good clinical description 
with theory, cancers came under his doctrine of the four humors Cancer 
was due to the concentration of black bile This humoral theory per- 
sisted until after the discovery of the circulation of the blood and of the 
lymphatics when Alalpighi, Louis and Astruc advanced the idea that 
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cancers w ere clotted and degenerated lymph The dominating \ lew to 
reach the nineteenth centuT}’- w as that cancer \\ as essentially a General 
disease, that the gro-\t th itself \\ as merely a local manifestanon analogous 
m this respect to the pustule m smallpox Such ^yas the prevaihno- uew 
until 1838 when Johannes Muller demonstrated that the cancer consisted 
of an abnormal growth of abnormal cells 

It is true that before MuUer, Bichat had made an important step, he 
had directed the vieMS of pathologists from organs to ussue or is he 
called them, “membranes” Morgagni has said that some organ Mas 
ahi^ays the seat of a disease The fact that identical symptoms niiaht 
develop ishen different organs is ere affected caused some discord in 
the harmony of this simple view It m as suggested by Pinel— better knoMu 
for his work in psychiatr}’- than in patholog)'’— that different organs 
might have similarmes m structure and disease m organs vnth anatomical 
similant)'- though m different parts of the body, might account for this 
confusion Bichat took up this idea and carried it further Mith the 
conception that organs y^ere built up of basic membranes, tissues m Inch 
were variously distributed in the organs Bichat made extensile tests 
in differentiaang the assues even to tasting them but he did not make 
microscopic studies He succeeded in removing the seat of disease from 
the organ as a y hole to its tissues Pathology’’ became at his hands mem- 
branous pathology’’ It yas Muller yho first made patholog}'^ celluhr, 
and the disease he dealt ynth was cancer 

And noiv in approachmg the man and his y ork, I ask you to look 
back with me for a moment at the situation of his nauve land, Germam , 
at the opening of the nineteenth century Muller was bom in 1801 The 
Germany that he faced ivas socially and economically the Germany of a 
little more than a century later— the Germany of 1918 It ivas post-yar 
Germany, a countr)^ m the depths of a depression It y as a hungry*, sorn*, 
bitter country, bruised and battered Like a man shocked by too fierce 
contact y ith reality it y as prepared to withdraw from realiti*— to turn 
to philosophy for escape 

The situation as you ivdl recall developed thus Near the close of 
the eighteenth century the last political act of Frederick the Great y as 
the establishment of the League of Prmces which brought back i sem- 
blance of unit^’- to the Old Empire In France the trends were m the oppo- 
site direction, the Revolution was under way At first the philosophy of 
reason interested the educated Germans, but the shift to bloodshed and 
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the o\ erthrow of the government frightened them and alienated them 
from the cause of liberty The French emigres fled to Germany and took 
up arms there France protested, Germany soothed and quieted, the 
French demanded the abolition of the feudal rights of the German 
Princes in Alsace, again Germany soothed and qliieted Even the fact 
that Mane Antoinette was the sister of Emperor Leopold did not brmg 
the Germans into v^ar At most they concluded a defensive alliance with 
Prussia, and sent a note of protest to France The French countered 
with a declaration of war That was in 1792, the war ended in 1814 
It included the rise of Napoleon and his defeat and dormnation of the 
German people It concluded with the battle of Leipzig and the taking 
of Pans The war was over— twenty-two years of war and subjugation 
Germany was finally victorious but she was left exhausted facmg recon- 
struction 

There was the war generation, and the dead, there was poverty, 
debt, actual want In such situations as these there are reactions, and 
these reactions are wholly unpredictable In Germany the reaction came 
as a wave of idealism, a turn from practical, factual views to roman- 
ticism, even mysticism Why centuries before a similar emouonal reac- 
tion had taken the form of the dancmg mama, why in the twentieth cen- 
tury it takes the form we see today, and why in the mneteenth centur)’' 
It was toward romanticism and the worship of beauty— no one can say, 
the ps}’'chology of such national movements is beyond our knowledge 
for explanation 

This romantic movement was not an affair alone of poets and imagi- 
native writers, of a cult of beauty that revived interest in the medieval 
architecture and the learmng of the East It was entered into by physi- 
cians and naturahsts, men whom, in a more raaonal environment, we 
should call scientists The movement was toward what was called m 
Germany natural philosophy, a quite different use of the term than that 
applied in England where natural philosophy was natural science In 
medicine the movement took the form of speculation, philosophical 
considerations and especially the attempts to develop systems that in 
their completeness would give knowledge in totality 

Now we in medicme today have been educated away from this type 
of thought Our emphasis today is contmually for novelty— for the dis- 
covery of the new as discrete bits of knowledge I suspect that we err in 
this direction as far as the romantic natural philosophers of 1 1 5 years 
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alone, as from those whose intellectual foundations hat e been deeper md 
t\ ider I do not for a moment doubt this fact, but I do doubt that the 
conclusions drawn from it can be, as is often attempted, applied to 
modern pre-medical education Now it is remarkable but ne\erthele& 
a fact that medical educators may interpret matters of science m ith strict 
scrutiny and impartial judgment of cause and effect, but sometimes thci 
seem to leave their scientific skepticism behind vdien they apply their 
judgment to other fields A^hth a wholly open mind in the matter I should 
not be convinced that a humanisDc and classical education made 
Johannes Muller or anyone else a great contributor to medical science 
I should wish to be shomi that the relation was not v holly one of post 
hoc Indeed Virchow said that Muller succeeded because he freed him- 
self from the fetters of his early education One may occasionally v ish 
that the pre-medical education of today might have more science and 
the medical educauon less science and more art 

The basic element in the success of Muller is, I suspect, a tremendous 
intellectual endovoment which allowed him to acquire the classics widi 
ease, to read Laan at seven and Greek at ten and not the reading of Latin 
and Greek at seven and ten that makes his great intellect V’e have few 
Johannes Mullers entering medical school today and there is ah\ays dan- 
ger in attempts at emulation unless the emulator has the intellectual 
capacity of the man whose educaoonal system he attempts to emulate 
The physicians of the time of Moliere m ere highly educated in the classics 
and in the humanities but that advantage, if it M’^ere an advantage, did not 
compensate for, rather it exaggerated, the deficiencies of a poor medical 
education In this digression I merely stated my skepticism as to w hether 
the classical and humanistic education of Johannes Muller v as a deter- 
mining influence toward his later medical producovit^' There w'ere 
many other physicians in Germany educated as well as he was and they 
did not reform German medicine, they merely devoted their efforts and 
their education toward the development of humanistically tenable but 
V holly unscientific systems I believe that Johannes Muller was a man of 
superlative intellect and of a personality^ especially suited to the line of 
his career And finally, I thmk he had opportunity’" and also some of 
that nebulous element called luck Johannes Muller did not spring from 
the classics fully armed with the medical genius he display’^ed in liter 
y’ears He had, as ymu will see, his difficulaes to overcome and his adjust- 
ments to make and he did not always make them easily^^ 
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He was, as I have said, destined for the priesthood, but at about the 
age of sixteen he read with great enthusiasm the scientific wrmngs of 
Goethe The suggestion there was an ay from abstract thought and to- 
ward concrete factual nature, it was away from natural philosophy in 
which he had been steeped and tow ard the natural science of which he 
then knew so little I have said that opportumty as wxll as intellect and 
personality are necessary for the display of greatness ‘\'\''ithout Goethe’s 
influence, Germany might have had a good priest m Johannes Muller 
and medicine might have lost one 

But whatever the forces w^ere that changed the channel of his career 
w^e find him, at the age of eighteen, enrolled as a medical student at Bonn 
There he Avas exposed to two great but opposing forces, one was the 
philosophy of Schelhng tow^ard Avhich he W'as drawm both by his early 
education and by a stram of mysticism deep in his owm make-up It w'^as 
this indefinable spiritual quality w'^hich I call here a stram of mysticism 
that perhaps later mspired his pupils and bound them to him as Virchow’- 
says m close ties as if by a religious bond The other influence, the 
opposing force that drew him aw'^ay from philosophy, from theorizauon 
and dreamy speculation was, strange to say, anatomy Anatomy was a 
factual, reahstic subject, the very antithesis of natural philosophy In the 
struggle between these two forces, anatomy w’on out, it aroused his 
youthful naivete to the extravagant exclamation that mdicates his capitu- 
lation “What does not come under the knife counts for nothing'” It 
W’as the extension of this view’ mto the medical education of the mne- 
teenth and early tAA’entieth centuries m this country that made so painful 
for most of us here the first year of medical school 

Muller in his fourth year of medical education— 1823— w’rote a prize 
essay on the respiration of the fetus Later Virchow, commentmg on it, 
says that it w’as a w’ork remarkable for the extent of the know’ledge 
showm and for the ingenuity of the experiments carried out 

Havmg obtained his degree at Bonn, he went to Berlin to take his 
state examinations and there met, and for a short time w’orked with the 
physiologist, Rudolphi Rudolphi held natural philosophy m contempt, 
he struck a responsive note in young iVIuller w'-ith his statement that 
anatomy w’as the foundation of medicine Johannes, then twenty-tw o, 
W’as deeply mfluenced by the skepticism, the w’orldhness of this older 
man, and Rudolphi m turn, recognizing the merits of the youth— recog- 
nizing too, and perhaps pleased at his OAvn influence upon the keen if still 



192 


THE BULLETIN 


naive mind, gave the boy an English microscope The microscope v as 
to play a determining factor in Muller’s subsequent career 

The need to earn a living took young Dr Muller back to Bonn where 
he made a rather meager livelihood from teaching and from a small 
practice, occasionally he was assisted by his mother The death from 
peritonitis of a friend under his medical care convmced him that the 
practice of medicine was not to his liking, he dropped it and spent his 
time on his studies and teaching These years, one may judge, were trjanir 
ones for Muller, a period of adjustments which he did not make easily 
In the midst of it, at the age of twenty-five, he married Anna Zciler, 
daughter of a landowner near Bonn 

In a poem which he wrote to her he promised her an immortal name 
in heu of more material dowry And then in the frantic burst of scientific 
research to gam that immortality, Ins health gave way I do not know 
what his trouble nms, a breakdown of a nenmus nature Ins commenta- 
tors say, and one cannot help but assume that these were days of frustra- 
tion and perhaps unhappiness for a brilliant intellect, a driving ambition- 
a man torn between mysticism and the study of anatomy, nendy married, 
poor, discontented with medical practice and without the scientific 
recognition he craved And all this, be it noted, in an environment where 
the premium for intellectual endeavor was put on speculative flight of 
fancy He did not break seriously under the strain, his health recovered 
and he returned to his researches It was in this period that he did liis 
vmrk on the embryology of the generative system remembered in the 
duct of Muller, it urns then also that he carried out his investigations on 
the nervous system and the sense organs and published his comparative 
physiology of vision In chat book he confirmed and established Bell’s 
doctrine of spinal nerve fibers All this and more were completed before 
he M^as thirty-two years old 

It ivas then that Rudolphi died and Muller was called to take his 
place in the chan of anatomy, physiology, and pathology at Berlin 
The following year Muller published the first volume of his Manual of 
Human Physiology which was, as I have said, to exercise a determining 
influence in turning the German medical mind away from natural 
philosophy and toward science It was to brmg brilliant pupils to Muller’s 
laboratory at Berlin 

It is of Muller as a pathologist that I speak particularly tonight And 
in that field his important contribuaon to his students was his insistence 
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upon the use of the microscope in pathological study This was a pro- 
cedure virtually new in pathology and certainly unique as a routine It 
M^as method that he urged upon his students, method of approaching 
problems and method of solving problems Those methods must have 
become almost a primary way of thinkmg in the men who passed through 
his hands They thought in the manner of quantitative evaluations some- 
times in little matters as well as large Thus when DuBois-Reymond 
wished to tell of the industry of his teacher, what was more natural than 
that he should use not adjectives but figures He computed MuUer’s 
average literary output for thirty-seven years as amounting to thirty-five 
printed pages and o 83 pubhshed plates drawn by his own hand each 
seven weeks 

I have mentioned the names of some of the more important students 
who were dratvn to Muller and mspired by him Best known of course 
V as the aggressive Virchow, but for the discovery of Muller with which 
I deal tonight the most important was Theodore Schwann It was 
Muller’s insistence upon the use of the microscope that led Schwann in 
Muller’s laboratory to discover the ammal cell and postulate the cellular 
theory of tissue structure It was this discovery which was not pubhshed 
in full by Schwann until 1839 that opened the way for Muller’s discovery 
that cancerous growths were cellular, it also laid out the careers for two 
of iMuller’s most promising pupils Henle, the histologist and anatomist, 
and, of course, Virchow 

So basic IS Schwann’s postulation to Muller’s discovery that I digress 
for a moment to trace the outhne of its development 

The original conception of a cellular structure is entirely from the 
botanists In the seventeenth century Robert Hooke, using a magnifying 
glass, had noticed the “small boxes or bladders of air m cork ” A more 
detailed structure of plant cells could not be mvestigated until the com- 
pound microscope was developed It was 1833, the same year that Muller 
went to Berlm, that the botamst Robert Brown discovered the nucleus m 
the plant cell In 1836 (although published in 1838) Schleiden proved 
that plant tissue is made up of cells and developed only from the multiph- 
cation of cells Muller’s amiable and phlegmatic pupd Schwann had seen 
nucleated cells in animal tissue Influenced by Schleiden’s work he 
searched for cells in all the tissues he knew of He found them and from 
his findings formulated the basic law of morphology for all vegetable and 
animal tissue To quote his words “There is one umversal principle of 
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development for the elementar7 parts of orgamsms, hov e\ er different 
and that principle is the formation of the cells ” 

One can almost sense the excitement that must have peixaded the 
laboratory of Johannes Muller m those years of 1836, 1837 1838 

Remember that this was before Virchow came there as a smdent, he 
was to make the greatest advances with cellular patholog)'- and to obtain 
the greatest recognition but the fundamental discoveries vere made 
before he came to the laborator)’- in 1839 

I have already read from the works of Muller how he u as led to 
turn his microscope on cancerous growths and to see the cancer cell 
and see further that it took the general shape of the cells of tissue from 
which It sprang 

For my purposes here this basic discovery made public m the 3 ear 
1838 IS as far as I wish to go ith the work of Muller He died, as you 
know, at the age of fifty-seven, probably of an arteriosclerotic accident, 
for he was found dead m the bed to xi hich he had retired m good health 
There is )ust one more quotation from Muller that I make before I 
leave him Muller was not infallible but he was sometimes dosniatic 
Thus on one occasion he said that the rate of transmission of the impulse 
m the nerve fiber vmuld never be measured, within a decade his pupil 
Helmholtz had measured the rate And again— and this is the quotation 
pertinent here— v^hen he had finished his work on the histological classi- 
fication of cancers he wrote in his book these words 

“Microscope and chemical analysis can never become a means of 
surgical diagnosis for malignant growths, it were ridiculous to desire 
It, or to suppose it practicable ” 

Now if there is any one thing in which microscopic examination of 
neoplasms has been useful, practicable, it is diagnosis 

The enormous volumes of microscopic anatomy of neoplasms are at 
once a refutation and also a little justification of Muller’s dogmatizanon 
The morphological studies for classification go on endlessly vith a 
descriptive refinement that forces one to the conclusion that while the 
microscope shows the cancer cell, this cell itself has no fixed mor- 
phology, only approximate If one may hazard here a dogmatizanon 
with all dangers of dogmatizanon it is that cancer morphology’’ has not 
and will not contribute toward the really fundamental discovery sought 
today— the reason for the cancer cell— cancer causation The search today 
still centers on the cell but not its shape, rather its physiology’’, not cellular 
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morphology, but cellular reaction 

Johannes Muller’s statement that cancer is cellular has remained smce 
his day the foundation of all cancer research Literally ever)’’thing we 
knoM about cancer, except its gross appearance, has been gamed in the 
single century that has passed smce his publication of 1838 

Cancer causation was from the begmnmg and is today the great 
riddle And such knowledge as we have gamed and are gaimng makes 
each year more dubious the possibility of any completely successful 
method of treaong the developed cancer I do not mean in any ay to 
belittle the achievements of the therapeutists or to imply that the wider 
and fuller application of their measures would not save many lives It 
would But everyone m medicine knows that the often quoted slogan 
of early detection and cure has elements of well intended sophistr)’’ 
They know, too, that no new successful principle of treatment has been 
del eloped smce the time of Hippocrates In his day there were surgery 
and caustic plasters, m our day there is better surgery while radium and 
\-ray have replaced the caustic The aim then was, and the aim now is, 
to remove or destroy the neoplasm The principle is unchanged Wc all 
see, I think, that success must he in other directions And the essential 
to that success must be the discovety of cancer causation Occasionally 
specific therapy is discovered accidentally before the cause of the disease 
IS knoM n But such is rare Usually the discovety of the cause must pre- 
cede the development of treatment or prevention 

The scientists of MuUer’s day saw that fact and they gave us hypothe- 
sis, there Mas Virchoiv’s chronic irritation theory, Cohnheim’s stimu- 
lation of misplaced embryonic rests Avith Ribbert’s later modification, 
there v^as the heredity and there \vas the parasitic theory 

The experimental scientific invesugations that have given promise 
of the eventual solution of cancer causauon shoM’^ed first the autonomy 
of the cancer cell Hanau, as early as 1889, made successful transplants 
of cancer cells m rats, his m ork was confirmed in 1901 by Loeb and m 
1903 by Jensen It ivas carried to its logical conclusion by the m vitro 
groM th of cancer cells by the method of Harrison 

Next in these few and broad steps I take m revieMung cancer study 
Mas the experimental production of cancer This neM^ era m cancer 
research started Math Fibiger’s discovery of the cancer in the stomach 
of the rat caused by a nematode carried by the cockroach— m itself one 
of the most exciting stories in modern scientific research Fibiger’s Mmrk 
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Sion of profound thought, every furrow in his face stimulated the idea 
of a perfectly finished work— thus did the man stand before the altar 
of nature, freed by his own energies from the fetters of educaaon and 
traditions, a living witness to personal independence’” 
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s I consider the elaborate and thorough-going discussion 
of renal medicine hich has been prepared by your com- 
mittee for this Graduate Fortmght, I am appalled at the 
responsibility which devolves upon me as almost the lone 
contributor to a consideraaon of the ps}'chological fac- 
tors in disease That this aspect of the symptom of h^’pertension or of the 
diseases in which it occurs should have been included on the program, 
even this once, may be taken as an indication of the change in medical 
attitude smce those days when a reference to psychology’' v as tantamount 
to a reference to spirituahsm or necromancy If, on the other hand, one 
brief hour out of hundreds devoted to this pomt of view seems dispropor- 
tionatel)’’ small, it may be charged in part to a lingering reluctance to 
consider psychology a defimte science, and, in part, to the far greater 
precision of the microscope and the test tube as compared to our measure- 
ments and esnmates of human behavior and emotion 

Since I have so large a subject to present in so short a ume I cannot 
now analyze further our resistances to psychological concepts in medicine 
or refute the impression that the scientific method cannot be and has not 
been applied in psychology as m physiology and chemistry’- I shall mdi- 
cate first the point of view which I think probably correlates the psy^cho- 
logical, physical, and chemical findings in disease, then I shall present 
some of the psy’^chological data which have been accumulated concerning 
the subject of hypertension, abbreiiaung the physical and chemical 
aspects which have been so excellently presented in previous lectures 
here, I shall indicate some of the practical difficulaes m arriving at more 
definite and exact conclusions than we can offer at the present time, and, 
finally, I shall submit a few pracacal suggestions 

Pomt of View I truly believe that the word psychogenic has done 
more to confuse the issue of the emotional factors m disease than to 
clarify it Psychogenic as applied to an illness implies that the disease arises 
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some way or other m the patient’s mind and, with the persistent medieval 
concept of mind which prevails not only in medical thinking but else- 
where, this is equn alent to saying that some diseases are consciously or 
unconsciously conjured up out of “mind-stuff” and deposited upon a 
surprised and unwilling body which functions according to physical and 
chemical laws independent of psychological laws As one intensely 
interested in Studying the emotional factors in disease, and one who has 
proposed numerous postulations concerning the contributions of these 
factors to disease, I should like to make the bald statement that I do not 
believe that any disease is psychogenic 

Such a one-sided attitude is no better than that held by the clinician 
who totally ignores the psychological factors in disease and thinks of 
disease solely m terms of physics and chemistry For I do not believe, 
either, that any disease can be accurately described as physiogenic or 
chemogenic Physics overlaps chemistry and both overlap psychology, 
but the laws of one are not the laws of the other in our present state of 
knowledge The time may come when we may describe m a smgle 
mathematical language a stone in the kidney, an antitoxin in the blood 
stream, and the reactions of a child who sees his mother strangled But 
at the present time u e scienusts must profit by the example of Aesop’s 
six blind men and the passing elephant We must each lay our hands upon 
It from the vantage point that is ours and, by comparing results and trying 
out hypotheses to explain the discrepancies in our observations, instead 
of contradicting and ignoring one another’s data, we may avoid the 
Ignominious errors of the six blind philosophers 

Aly feeling is that as a result of traditional medical educanon, most 
patients are examined physically and chemically but not psychologically 
AVe would call a man a quack who treated a case of appendicitis after 
making a psychological examination but no physical exammauon, xvhy 
should we condone the treatment of a case of anxiety hysteria after a 
physical, but no psychological examination^ If we truly subscribe to the 
theory that in every disease the proper investigation would uncover 
psychological as well as physical and chemical features, we must believe 
in the existence of a special psycholog}'’ for ever}'- disease Perhaps the 
medical textbook of the future -nill systematically supply these For 
the present we must content ourselves with a much better knowledge of 
the ps}'’chology of certain kmds of indigestion, for example, and even of 
gastric ulcer, than of the psychology of chronic nephritis or carcinoma 
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And now for the psycholog)’- of hypertension 

Hypertension is, of course, not a disease but a physical condition 
which IS easily ascertainable and measurable Parentheucally, I ha\ e often 
wondered if the introducaon of the sphygmomanometer has not killed 
more pauents than it has saved In our search for definiteness in biolocncal 
science, it is difficult to remember that precision in measurement is not 
equnalent to accuracy in interpretauon The feeling of security vhich 
followed the introduction of this mgenious device of Riva-Roci and 
von Basch led us astray and numbers became more important than mean- 
ing jMany a doctor has frightened his pauents to bed if not to death vith 
an ominous and incorrect interpretation of the inconuovertible figures 
of the dial or mercury column 

But hypertension is a condiuon in which not only the physical but 
also the psychological factors are readily recognizable, although the 
latter are not so easily measurable The parallelism of blood pressure 
fluctuations and emotional fluctuations was one of the early physiological 
correlations * 

Of course we have learned a good deal about blood piessure since 
those earlier days ^^^e— or some of us— have ceased to look so assidu- 

ously for a “cause” of hypertension and have sought rather to understand 
Its total significance From the physiological and anatomical standpoint, 
we are quite generally agreed that it is due to vasoconsmction and that 
the vasoconstriction is due to sympathetic stimulation and parastmipa- 
thetic inhibiuon That these effects accompany or are accompanied 
emotion is also generally accepted 


* The influence of the theories tshich embodied the orgnnic c'tplaintion for the increase in peripheral 
resistance in pnm-irs hjpertension has not as set been erased For this the term hapertension itself i' 
largeh to blame in that it implies a static phenomenon The labilitj of the blood pressure, first rceog 
nized b} Guniprecht' emphasized bi hlosenthal and Shorts and reiterated ba Aaman’ is the most 
singular characteristic of essential hapertension and is not sufficienth appreciated These slnhing 
fluctuations of the blood pressure imph a morbid phssiologa onh the sequelae of uhicli can be 
anatomical In the opinion of Kahn* this labdilj of the blood pressure is explainable onlj on the basis 
of a aasomotor disturbance which is in accord aaith the aieu of Norns and his associates®, who state 
that the vasomotor mechanism in patients with essential hvpertension is sensitized and that bvpertension 
in those instances is simplv an exaggeration of a normal pin siological blood pressure response These 
contentions are substantiated bv the findings of Mueller and Brown®, that the diurnal and nocturnal 
fluctuations in blood pressure in normal individuals and in patients with essential hvpertension differ 
onlv in degree and that patients with essential hvpertension show extreme reactions to stimuli which 
in normal persons would cause onlv mild reactions That is to sav the blood pressure responses to 
emotional stimulation in the hvpertensive and m the normal individual are qualitative!} the same the 
difference being onl} from a quantitative standpoint That the ordinarv and usual incidents of hie 
provide stimuli sufficient to cause marked fluctuations in the blood pressures of patients with essential 
hvpertension has been demonstrated bv Brown O Hare* and Mosenthal and Short*’ 

** To the older writers of course hvpertension was primaril} a disease of the blood vessels of the 
kidne}s which in some toxic or mechanical wa} affected the rest of the vascular tree, when this theorv 
wav exploded bj further clinical studies the blame was put upon the suprareiials Later guanidine 
cholesterol peptone like substances the potassium calcium ratio, to sa} nothing of alcohol, tobacco 
livpoactivit} of the carotid sinus and numerous other agents were inculpated one after another of which 
hat, been disproved as the fundamental etiologic basis of arteriolar h}pcrtcnsion ’ 



Eviotional Factors in Hypei tension 


2 0 1 


Whether the emotion is a cause or an effect of the hypertension still 
seems to puzzle many writers On the one hand, many physiochemical 
researches proceed as if the emotional reactions Avere by-products On 
the other, many practical procedures such as the he detector* proceed 
upon the assumption that emotional disturbances can cause blood 
pressure fluctuanons 

At this point may I refer agam to the elephant and the sl\ blind men 
I see no reason why Ave should feel it necessary to seek for first causes 
when our daily experience, if not logic and philosophy, convince us 
that none such exists' ^^^hat impresses some physicians who palpate the 
elephant is the fact that they find certain defimte, characteristic, struc- 
tural and chenucal pathology in advanced and fatal cases of hypertension 
What impresses those Avho have made psychological examinations of the 
same elephant is three-fold 

( 1 ) The fact that transient hypertension may be induced m persons 
by emotional stimulation 

(2) The fact that some of these cases show gross abnormality of 
emotional status or reactions 

(3) The fact that chronic hypertension may sometimes be reduced 
by various procedures essentially psychological in nature 

"Without attempting to solve the riddle, which may be, after all, 
like the riddle of the priority of the chicken or the egg, I propose to 
devote my remaining time to an exammation of these three sources of 
psychological data 

I Transient Hypertension in Normal Persons 

I have already discussed this briefly The only pomt I would add here 
IS an echo of what is now becoming increasingly familiar to all investi- 
gators, namely, that we do not know very defimtely Avhat a normal blood 
pressure curve looks like, smce single readmgs are almost mearungless 
and contmuous readmgs almost impossible to obtam Hence hypertension 
IS a relative term of great mexactness I have seen the systohc blood 
pressure of a patient w’^ho Avas being examined by an assistant mount 

* The theorj upon ^^hlch the deception test is based was suggested as far back as 1600 Hugo 
Muensterberg of Han-ard suggested the use of an instrument for recording blood pressure, pulse and 
respiration for the detection of guilt in 1907 and Marston in 1914 experimented with a blood pressure 
technique for detecting deception Larson’® ” ’ continued the work under direction of Chief of Police 
August Vollmer in Berkelej California and succeeded in establishing a successful technique Keeler” 
designed an instrument for recording simultaneoush the blood pressure and resp ration o\er a period 
of time which is widely used today (See also Inbau”) 
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fift)* millimeters of mercury merely as a result of my entrance into the 
room We hare no 'ivay of knoirmg how much it may have mounted 
previous thereto as a result of my assistant entermg the room or is a 
result of applymg the cuff The practical unlit)' of the lie detector has 
been proved, but n hat n e do not knou is hoM much the anticipation 
of applymg the he detector may have affected the arterial tension in the 
first place Of course this does not mvahdate the test I simply mention 
It to shovi' that until we are able to take a panent’s blood pressure v ithout 
his knowing that we are taking it, we have no May of knowing what it 
uw We do know’-^® that the blood pressure of a person with whit we 
call normal vasomotor stabihn'- usually rises with certain emotionil 
states, which may be experimentally stimulated, and returns nther 
promptly to a lower point To explam a systemanc elevanon of blood 
pressure it would be necessair* to assume a connnuous senes of such 
stimuli This, of course, is one deductive theory- offered to explam the 
relation of the emotional pathology' found in actual cases of hypertension 
to that hypertension ^^^e shall look next at some of these cases m w inch 
this continuous or chrome emotional pathologv’" has been found 

2 Emotional Pathology in Hypertension 

^^’’e psychiatrists sometimes reproach intermsts for their apparent 
disinclmauon to seek for the psychological data which might be related 
to the continuous autonomic stimulation wTich results in the continuous 
splanchmc constrictions w'^hich result in the h)^ertension I w^ant to w itli- 
draw all m)’’ reproaches, because I can tesafy from personal experience 
that collecting data regarding the emononal factors in h)^ertension is 
for man)'- reasons an exceedingly difficult task 

For one thmg, one must distmguish betw een conscious and uncon- 
scious emotional factors It is hard enough to uncover the conscious 
emotional pathology’’ of a patient and to evaluate its strength, its effect 
upon his total personality' and his vascular tension, in particular It can 
be done, usually, if one has the patience to listen to w'hat the patient has 
to say But it is still harder to get at the unconscious emotional factors, 
those which the patient cannot tell us about even if he wmuld This 
requires the psychoanal)Tic technique, and, therefore, a great amount 
of time 

It IS 1 ery hard, too, to separate the emotional factors stimulated by 
the phy'-sician himself and b)^ the w^hole program of examination and 
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treitment from those more continuously operative Again, even when 
one discovers and evaluates the emotional factors in a particular case 
quite definitely, it is exceedingly difficult to show except by deductive 
hypothesis just ho\v or how much these things affect the blood pressure 
It is impossibly absurd, for example, for a psychoanalyst who is hstenmg 
quietly to a patient who, v ith sobs and tears, is confessing some poignant 
source of anxiety'", to interrupt this by leaping from his chair to seize and 
apply a sphygmomanometer Or consider this complication I was con- 
versing \vith a patient Avith very severe hypertension n^hile an assistant 
took blood pressure readings regularly ever}' nvo minutes The patient 
had \ oluntaril}' renounced smoking after many years of heavy addiction 
I proposed that Ave observe the effects of smoking a cigarette and he will- 
ingly cooperated M}'^ assistant redoubled his efforts to make accurate 
consecutive readings While we were n aiting for the cigarette “to take 
effect”, ni}'’ patient suddenly remembered a distressing occurrence n Inch 
had taken place in his home the pre\ lous week and began to relate it in 
detail His systolic blood pressure rose thirty millimeters of mercury but 
Avhether from the cigarette or from the recollection, who can say’ 

Nevertheless, in spite of all these difficulties some definite psychologi- 
cal studies have been made both of the conscious and of the unconscious 
emotional factors in h}’'pertension and some fairly definite tentative con- 
clusions arrived at In the brief time at my disposal I can only summarize 
these conclusions Wolfe^®, Dunbar^'’^’^®, HilP®, Stevens-®, Alexander^k 
Moschcowitz-' and others have reported such studies The findings cor- 
respond fairl}'" AA^ell They indicate that patients with h}'-pertension are 
characterized b}'" an external poise, often gentleness and amiability, be- 


* For example olfe'® studied hypertension cases in the medical department of the Columbia Medical 
Center He belie\es that the de\elopment of hypertension is the result of repressed (i e unconscious) 
emotional factors chlefl^ aggre«sions hatred and guilt feelings 

To N\hat extent this situation is specific we arc not ready to ca It seems note\\orth\ ho\\e\er 
that successful handling of this factor alone surprisingh often leads to improxement or even 
sNmptomatic cure although the fundamental neurosis max not haxe been adequateh treated ’ He cites 
a case of a single man of 2a admitted to the hospital for hxpertension his blood pressure being in the 
neighborhood of 160/90 He also had some fears of fainting and was found also to haxe deep but 

largeh repressed resentment and hate His dreams for example were of a predommanth sadistic 

masochistic character After three months ot superficial psxchotherapeutic treatment emnhasizing 

rela.\ation his blood pressure was reduced to I06/8S 

Dunbar*^ working m the same clinic reports among others a case of hxpertension in a married woman 
of o9 Her blood pressure on admission was 190/100 and was said to ha\e been higher previously 
A careful psxchiatnc studv showed that there was much rea on for the existence of great resentment 
an\iet\ and hostilitx and when these tendencies were to some degree brought to consciousness and 
related to her svmptoms she showed a marked improvement in her external adjustments and comet 
dentallv a drop m her blood pressure to an average of 130/90 This was accomplished in a few months 
which is rather cxtraordinarv m view of the fac that she had been an invalid on account of such 
s'mptoms for the preceding eighteen vears 
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neath \\ hich there exists a strong undercurrent of fear Inch arises from 
the existence of strongly repressed aggressions, usually dependent upon 
resentment over threats to the pauent’s dependent security* To re-phrase 
this rather condensed statement by a paradigm, I v ould say that h^-per- 
tension might be expected in a patient whose early childhood v as threat- 
ened by poverty, death or other disaster v hereby he was forced into a 
premature self-reliance which later shows itself in the form of more or 
less external (material) success, but accompanied by a constant interml 
anxiety set up by actual or imagined threats to his security Upon exami- 
nation such patients completely deny or reject all suspicion of resentment, 
hate or fear but describe situations m which such emotions could not but 
be stimulated Continued study of such patients often evokes, suddenly 
and sometimes to the patient’s great surprise, franlc avowal of such feel- 
ings, and then, the real (1 e , the original) reasons for them 

I remember, for example, a dramanc experience with a patient, an 
author, who came to us because of the sudden loss, two years pre\ lously, 
of her ability to write It vms discovered incidentally that her systolic 
blood pressure readings xvere contmuously over 200 mm of mercur^’^ 
After a few introductory sessions m my office during which she vas 
pleasantly, but irrelevantly, communicative, she suddenly asked for paper 
and pencil, ceased talking and began xvriting automatically The hand- 
MTiting was not her ovn and the communications were signed by a 
strange name She had never done this before She dashed off hundreds 
of pages in this vmy during the next few xi'eeks She v as amazed at what 
she vTote since it concerned herself, inamately, and while she xvas able 
to confirm its truth after she had written it, she insisted that she had 
knoxxm nothing about it prior to the automatic writing Among other 
things she confessed frank wishes to kill her mother for reasons, also 
given, which seemed at least partially to justify such v ishes She ulti- 
mately regained her ability to xvrite professionally and her h)'pertension 
diminished 

A more characteristic example is that of an old maid who for thirty 
years had been the trusted private secretaty of the executive head of a 
large business Apparently he had supreme confidence in her and x\as 
absent from his office weeks and even months at a time iMuch as she 
appreciated this confidence, however, and great as her admiration and 
respect for her employer were, she was exceedingly distressed by the 
growing rebellion of factions in the business which threatened to over- 
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lI I ow his control of it, and, incidentally, remove her from her position 
^^hen she vmuld appeal to him to return and assume the responsibility of 
ontrollmg the business, he would reply that he had confidence that she 
would do the right thing Xhis she felt totally unequal to, but never one 
V ord of criticism or reproach of her employer would pass her lips even 
in the mumacies of a professional consultation This depression and 
psychic tension were associated with a high degree of artenal hyper- 
tension 

In this connection it may be fitting to say that in several cases in which 
I have made blood pressure readmgs m connection with psychoanalytic 
treatment I have observed a temporary mcrease in blood pressure for 
several months toward the end of the analysis, corresponding with the 
resentment and fear experienced by the patient over the contemplation of 
being extruded from the protective care (as he envisages it) of the physi- 
cian Of course an analysis is incomplete if this fear and concomitant 
hypertension have not receded as the patient takes a more realistic view 
of the situation and increasingly utilizes his capacity for directing his 
hostilities into useful channels, thereby also reducing his feeling of help- 
lessness 

The objection may be made that cases of hypertension studied by 
psychiatrists are exceptional in nature and hence not suitable material 
from which to draw general conclusions about hypertension Without 
conceding this to be a valid objection, I personally undertook, as have 
some other psychiatrists^” to make psychological studies of patients, 
referred, by cooperatmg internists, for this purpose only My purpose 
was to see if a week’s intensive study would lead to any inferences as to 
the pi obable nature of the unconscious material, and to any practical con- 
clusions as to the significance or potency of the conscious emouonal fac- 
tors I had m mind the opportunities and necessities of the average general 
practitioner or internist to whom we psychiatrists are constantly com- 
mending the desirability of searching for and dealing with the emotional 
factor m disease What could a doctor who was tr}'^mg to do this see m 
carefully studied cases of hypertension, and what further could one 
with psychoanalytic experience justifiably mfer or suspect^ 

An illustrative case can be menaoned briefly A married woman of 
fifty-one, ^vlth a blood pressure averaging 183/104 and occasionally much 
higher, had a fairly charactenstic psychological picture She was an ex- 
ceedingly gracious and dignified, composed person, amiable at all times 



under the % aned experiences of a complete ps>xhiatnc examination To- 
ten years she had been the execuave head of a large international oro-ani- 
zaaon and had traveled extensively in Europe Asia and all parts of thu 
countr\' making addresses at large and small meetings She v as marncd to 
a physician tv ent)- years her semor Two years prior to the discoi er^ of 
her hypertension he had been removed from a position v hich he had held 
for many years and v as attemptmg to make a living for his v ife and him- 
self by the re-establishment of a private practice Progressne loss of 
vision made this still more difficult The frequent public appeannces 
\\ hich his wife was obliged to make in connection v ith her v ork re- 
quired an ex'penditure for clothes at a ame v hen it v as even difficult to 
buy sufficient food This financial restriction in conjunction uith her 
pride and the necessity’’ for making a good appearance before her towns- 
people and her organization v as an increasing source of conscious anxien 
to her as v as also the increasing age and anticipated helplessness of iier 
husband As she v as discussing this latter point her systolic blood pressure 
mounted to 238 nullmieters Consciously, of course, it vould ln\e been 
absiud for her to blame her husband for their predicament but the uncon- 
scious is not guided by any such rules of justice or fair-mindedness Hence 
her hosnlit}' v as repressed, the inner psixhological tension paralleled the 
high arterial tension 

3 Therapeutic Effect of Psychologic ae Techxiques 
IN Hxpertension 

In referring to the v ork of various authorities with hypertension cases, 
I hue not menuoned the frequent reports of cases benefited by psycho- 
therapy, the third fact vhich impresses the psychologically minded 
obsen er Some of these are very striking, HiIP” for example, reported a 
case of a man of thirty-tw o \\ ho for fourteen years had been known to 
ha\ e hypertension This patient v as under treatment by psychoanalysis 
and follovmg one paracular day's treanuent, the details of vhich ha\e 
been completely reported by Hill, his blood pressure fell from an average 
of 180 '^120 to 145/90 and thereafter ne\er exceeded 135/90 and vas 
frequently read as low as 125/85 No other treatment vas administered 
and there v as no change in his habits of hvmg I myself have reported a 
few cases'* and I have already referred to the fact that frequently paoenrs 
show a rise and then a fall m blood pressure near the termination of an 
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analysis This observation has been confirmed by an ingenious piece of 
clinical research reported by an mtermst, David Aymam^ of Boston 
Ayman was impressed by the tvidely varymg reports of the successful 
treatment of essential hypertension by many different drugs and methods 
He carefully analyzed thirty-five research projects of this type and dis- 
covered that in pracncally every article complete or partial symptomatic 
relief was reported in spite of the enormous range of treatment methods 
He noted, also, that complete failure tvas seldom reported He concluded 
that there must be some common factor associated with the admmistration 
of these various treatments which was not recogmzed by the experi- 
menters, and as a research project studied the effect of the administration 
of a placebo (dilute hydrochloric acid) As minimal criteria of a diagnosis 
of essenaal h}'pertension he insisted that the paaent should have had at 
least fit e abnormally high readings of blood pressure and that they should 
have been obsert'^ed for at least two months prior to the beginning of 
treatment An otherwise unselected group of forty patients tt^as then 
treated and followed Thirty-three of the forty patients showed definite 
improvement, i e , the treatment was 82 per cent successful The symp- 
toms tvere relieved and the blood pressure fell, hon^ei er, v ith a consider- 
able disparity in the parallelism of the two factors 

A^mian was convinced that the common element in the treatment to 
which the patients responded with so much benefit w^as that of “the en- 
thusiastic giving or domg something for the patient ” His point is that 
treatment, regardless of its nature, benefits the hypertensive pauent Not 
bemg a psychoanalyst or psychiatrist, he does not mterpret this in terms 
of the transference effect tvith tvhich Ave are so famdiar, but makes it clear 
that the patient feels better because he is notv under the protective obser- 
vation of an mdividual of authorit^^ tvho takes an mterest in him 

How closely this corresponds to the psychoanalytic findings already 
reported scarcely needs elaboration If even the placebo of dilute hydro- 
chloric acid used by Ayman is sufficient to give 82 per cent of success in 
treatment of the symptoms w ith an unrecorded percentage of success m 
the reducuon of the blood pressure itself, one must assume that some 
emotional experience takes place AA'hich lessens the symptoms and the 
tension and presumably this is brought about by a lessening of some inner 



THE BULLETIN 


208 


tension which the patient unconsciously maintains 

These are the aspects of the elephant that impress the psycholocricalh 
minded How they are to be correlated ultimately u ith the physical and 
cheimcal findmgs, I do not know There is a theory that would ade- 
quately reconcile some of the discrepancies in our viewqioints Let us 
thmk of the physical observauons in regard to hypertension as one aspect 
of the disease and let us thmk of the chemical observations that have been 
made regarding it as another aspect and let us think of the psychological 
observations as still another aspect Let us refrain from assuming that an\ 
one of these is responsible for the others In other words, let us not at- 
tempt to explain the irritability of the hypertension patient as due to his 
tension, and let us not explam the hypertension as due to guanidine or 
disturbance of the potassium-calcium ratio or anythmg of this kind, let 
us not explam the kidney changes as due to the arteriosclerosis or vice 
versa In these fields let the descriptions stand by themselves and let us 
look for something back of all of these obsen^ations tvhich may be re- 
garded as a coordinating determmant This, I thmk, is the value of the 
concept of pmnmy constiuctive and destructive tendencies with which 
we are familiar m metabolism, the phenomenon of inflammation, the 
chemical process of ionization and similarly m the field of behavior Lack 
of knoM ledge precludes our finding very apt words to describe it and 
perhaps Freud’s choice of the expressions “life instinct” and “death 
instinct” was not the most fortunate one But certainly the idea of two 
opposed but interacting forces, one m the direction of life and creative- 
ness, and one m the direction of death and destruction, manifesting them- 
selves m physical, chemical and psychological phenomena, lends itself 
m a 1 ery fruitful xvay to our problem What we call physiological and 
chemical and psychological observations are all interrelated mechanisms 
resulting from instinctive drives originating deep m the structure of the 
personality 

* We might here examine the thesis set forth some of the more progressne internists (sec Allen’^ 
ct al) to the effect that hypertension prohabh arises upon a * constitutional 1 c , hereditary, ba^is 
which IS designated as the specific factor and to which some non specific factors, toxic, psychic or 
mechanical are added to produce the final result There is \ ery good e\ idence for this view, particuhrlj 
the frequent occurrence of hypertension in certain families, the e\idences of predisposition to h)pcr 
tension in certain indiMduals who shenv the aasomotor hNpersensitiMtj indicated b^ the Hines Brown 
Test** On the other hand tf ts veil knirvn that Ncaiocs and do not tii thar nofwe coimfnfj 

dezelop hyperienswn It is also well known that people of these same races do de\elop hypertension in 
the United States or under other circumstances of occidental culture This fact is rather devastating 
to the constitutional or specific theor> It is on the other hand, entirely understandable the 

standpoint of the ps\chogenic theor> This will require some explanation because one s first thought 
that certainl> the Chinese in China and the Negroes in Africa ha\ e plenty of occasion for fear m J 
countries perhaps e\en more so than in this countrj But there is one source of fear from which the 
Chinese and Africans do not suffer under the domain of their native civilization which the\ do 
ence m ours and this is the anxiety arising from the strong superego development which the occiocnta 
civilization induces 
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Practical Suggestions 

AVhether this theory is correct or not, it has at least r\vo pragmatic 
'vidences of validity 

In the first place, it has been defimtely demonstrated that a passive 
onversational approach to a patient often enables the release of some 

I esentment (and hence of the necessity of some repression, and of some 
''ear) and this decrease in psychic tension should be reflected in a decrease 
jf vascular tension Whether clinicians agree with the explanation or not, 
there is general agreement in the literature as to the observation and, 

II Cl. fore, as to the therapeutic validity of this method of treatment, a 
ethod u'hich, nevertheless, is shockingly neglected To put it m plain 

Englisli, physicians may definitely reheve hypertension by giving the 
patient a quiet, non~critical, sympathetic audience All reference to the 
degree of hypertension, its potential dangers, its complications, is omitted 
from the conversation The effect is not one of suggestion, it perhaps 
needs to be said that for such patients encouragement about the reduction 
of blood pressure is not necessarily good therapy, m his unconscious, each 
patient needs his symptoms and to encourage him to think that these 
symptoms are disappearmg without a perceptible reason may undo the 
good done 

Another practical suggestion There is much reason to believe^®-" 
that self-directed aggressions can be turned outward by the authority of 
the physician and if our theoty has validity, any extroversion of the 
aggressions which is not mechamcally too strenuous should be of benefit 
to the patient In other tvords, instead of forbidding exercise to a hyper- 
tension patient, it should often be recommended, instead of prohibitmg 
Avork, It should be msisted upon I am confident that the death of some 
hypertensive patients is hastened by physicians who remove from them 
the only available or acceptable forms of aggression to which they have 
had access, i e , golf, walking, or hard Avork at the office Many mtermsts 
knov this intuitively and I have heard them cavil at those colleagues who 
still preserve a childlike faith in the socalled “rest cures ” My own chmcal 
experience with hypertension is not sufficient to know how generally 
correct or incorrect it is but certainly the psychological theory is all on 
the side of those who advocate mild* exercise and continued xvork and 
regard the forbidding of these thmgs as the greater hazard 


* Of course one can overtax long ^^eak.ened \essels 
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Conclusions 

No one man can see enough patients representing any onesind ~ 
to draM any final conclusions about it ^^'hen I consider the million r 
patients ho exhibit the symptom hypertension and compare those n'J- 
the paltry fe^^ that I myself ha\ e obseryed or eyen the fey thousinitl 
I and all my colleagues together have seen, and exammed pst'cholooieJ^, 

I realize that v e must rely upon deducnve theory rather than upon mdi 
ove posim eness for our y orking hypothesis \'^'liat some ot ih h.T; 
obseryed, y ho see ynth psychological eyes, or, to retain my metaph 
y ho feel y ith psychological hands, I haye tried to set forth briefl\ Ih^u 
even hazarded a theory' of reconcihanon of the knoym facts I shall no', 
listen yith the utmost mterest to Avhat my colleagues hat e to sat aboi 
the phy'sicai and chemical aspects of the same condiaon Perhaps atiti 
many years of cononued study and comparing of notes tt e shall have 
arrived at a comprehensive viett- of the condition in tt hich arterial hpe. 
tension is one sA'mptom 
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hundred and nineteen cases of Bright’s disease have 
been diagnosed during the past eight years at the Babies 
Hospital This number does not include patients with 
purulent nephritis or chemical poisoning These patients 
CiSSHsasasEsasS with Bright’s disease were grouped according to the 
commonly accepted classification as follows 

Acute Glomerulonephritis 144 

Acute Chronic 2 

Chronic Glomerulonephritis 29 

Nephrosis 46 

There is no good reason to attach much importance to these figures 
since the great majority of patients with acute nephritis are probably not 
seen by the doctor In practice and m the dime we see the child with a 
severe mfecaon and a mild nephritis disclosed by routine examination or 
more rarely the child whose nephrms is severe enough to brmg him to 
the clinic or physician Our figures simply illustrate the general experi- 
ence in the eastern cities and show that acute glomerulonephritis and 
nephrosis are childhood diseases, m adult practice these conditions are 
relatively uncommon These figures also show how rarely it is possible 
to observe the transition from acute to chronic nephritis I have no expla- 
nation for the figures of Snoke and Addis who found that 40 per cent 
of their patients eventually developed chrome nephritis I don’t think 
that the difference in techmque used m urmalysis accounts for the dis- 
crepancy Perhaps the difference is regional But chronic nephrms is a 
complicated controversial problem and my subject tonight is a discussion 
of some factors m the etiology and treatment of acute glomerulonephritis 
There is abundant evidence that acute glomerulonephritis is preceded 
and accompamed by hemolyac streptococcus mfecaon with great regu- 
larity The most common seat of mfecaon is m the upper respiratory 
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idCt and adjacent structures Clinically, we know that the seasonal and 
Dgraphical incidence of acute nephritis in children parallels that of 
piococcus infection There is no doubt that other organisms can stand 
I association with typical climcal and anatomical acute nephritis but 
.e number must be small With Doctor Seegal, Doctor E N Loeb and 
Aliss Jost we have studied the antistreptolysm ater of the blood serum in 
acute nephritis Chart I shotvs the maximum anustreptolysm titer of the 
serum in 116 consecutive cases of acute glomerulonephrius Nmety-five 
of these patients are under thirteen years of age, twenty-one are adults 
L has been found that in the great majority of normal mdividuals the 
antistreptolysin titer is less than 125 umts We think this chart which 
shows that 9 per cent of patients with acute nephritis have an abnormally 
high antistreptolysin titer indicates that in New York City the great 
majority of patients with acute nephritis have had a streptococcus infec- 
tion preceding the nephritis In chart II is shown the titer of antistrep- 
tolysin in the two years foUowmg the onset of acute nepliritis The 
percentage of normal antistreptolysin titers increases with time until in 
the second year they are 75 per cent This period serves as a control for 
the group So far as we can tell the variations in antistreptolysm titer 
are not related m any way to the severity or duration of the acute 
nephritis but are very closely related to the type and severity and per 
sistence of the streptococcal infection My object in showing these data 
IS to illustrate the great regularity with which hemolytic streptococcal 
infection precedes acute nephritis 
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The mechanism by which streptococcus infecnon produces nephutu 
IS not knoMm It is not by direct bacterial invasion of the kidney Eschc- 
rich and Schick suggested as early as 1912 that it “might be a case of 
hypersensitivit}' of the organism which is expressed in the ability of small 
amounts of pathogenic substance to elicit clinical symptoms which at 
another time would be tolerated without any reacaon ” They pointed 
out the analogy benveen the sequence of events in postscarlannil 
nephritis and that in the group of allergic reacnons This is the theon 
held by most obsenmrs today Masugi and later Farr and Smadel workmen 
with nephrotoxic serum have produced a nephritis which clinicallv and 
anatomically closely resembles acute and chronic nephritis Howeier, 
until the disease is produced by hemolytic streptococcus m the experi- 
mental animal many questions must go unanswered 

With this brief discussion on etiolog)^ as an mtroduction I should like 
to go non to the quesoon of the treatment of children with acute 
nephritis Volhard states that in treaong acute glomerulonephritis the 
problem consists in i) Preventing the different dangers which may 
threaten the life of the patient during the acute stage, 2) preventing 
irreparable organic changes in the kidney ^^oIhard believes that early 
diagnosis and proper treatment during the acute stages is an important 
factor m the prevention of chronic nephrms and goes so far as to sa) 
that none of his patients seen and treated in the acute stage develop 
chronic nephritis I am unable to convince myself from the evidence 
available that we can prevent the development of chronic nephritis 
However, my experience has led me to believe that early diagnosis and 
adequate treatment at the proper time may prevent some of the fatalities 
in the acute stage of the disease 

Table I shows the mortality in acute nephritis in children as reported 
by different observers 
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It IS seen that forty of sivty-eight deaths ere due to cerebral edema, 
j diac failure, uremia and renal failure and tr\ventj''-eight deaths m ere due 
.0 infection It is a difficult matter to be certam of the cause of death in 
. te nephritis In our own series where death was ascribed to cerebral 
’ema, cardiac or renal failure, infection was an important contributing 
'actor Clinical experience leads one to believe that in any death from 
1 nephrius all four conditions may be present in some degree 
The conception that acute glomerulonephritis is but one manifestation 
of widespread capillary mjury is rapidly gaming ground We have not 
time to examine the history of this theory or the evidence for its support 
The experimental results are conflicting, and much of the evidence is in- 
direct The physiological mechanisms are not known, but it seems prob- 
able that capillary constriction generally, as well as in the glomerular 
tuft, is an important feature Baehr contends that unless extrarenal mani- 
festations (edema, hypertension) are present the case is not true acute 
glomerulonephrias And he would have us beheve that all the glomeruli 
are involved m the process From what we do know of etiology and 
pathogenesis and from anatomical studies in children it seems to me un- 
reasonable to so limit the diagnosis of acute glomerulonephritis It is 
knovm that this disease is an acute often explosive process and that the 
extrarenal manifestations may occur and not be observed because the 
patient does not come to the clinic until they have passed It is also well 
knoum that glomeruli do not function continuously and it is reasonable 
to assume that some of them may escape mjury by the h)’pothetical cir- 
culatmg toxins This is proven by the work of Oberhng who found from 
a study of biopsy material that the damage u'^as focal and not diffuse We 
are concerned here ivith the fact that clinical manifestations of this gener- 
alized capillary mvolvement are seen in over half of the cases if they are 
carefully looked for, and in approximately 10 per cent of the cases cere- 
bral and cardiac symptoms and renal shut-down are severe enough to 
warrant serious therapeuuc consideration 

The symptoms and signs which pomt to cerebral participation m the 
arteriolar spasm are easily recognized and are present in some degree m 
over half the children with acute glomerulonephritis Oliguria, a rismg 
blood pressure, symptoms of increased mtracramal pressure, such as 
nausea and vomitmg, headache, somnolence, visual disturbances, slow 
respiration, and slow pulse are prodromal signs of cerebral edema There 
may be an increase in peripheral edema, papilledema and nitrogen reten- 
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non may or may not be present, and lumbar puncture may show increased 
intracranial pressure AA'hen the condition becomes se\ ere, coma, deli- 
rium, amaurosis, and consmlsions may be added At autopsy the brain is 
firm and weighs 20 to 30 per cent more than is normal for the awe The 
dura is tense, the convolutions are flattened, and the ventricles arc com- 
pressed This condiaon w as fonnerly thought to be uremia, but Volhard 
showrnd that it could occur m the presence of normal kidney funcuon 
and that the term ureima is therefore incorrect 

In the majority of patients urme volume is normal throughout the 
acute stages In some patients oliguria develops and may proceed to anuria 
This renal shut-dovni is a serious manifestation I prefer the term renal 
shut-dowm for this condition and use the term true uremia for the condi- 
tion w here the kidney changes are advanced and irreversible In a fen 
children the nephritis takes a rapidly progressive course and reaches the 
terminal stage (true uremia) in a short ame But in the majority'- of chil- 
dren w^ho hai^e impaired renal function associated noth anuria during the 
acute stage complete recovery can and does occur This condinon is best 
explained on the basis of arteriolar spasm and decreased blood flow 
through the kidney As Loeb points out, this idea is supported by the fact 
that often the anuria is terminated and diuresis appears too suddenly to be 
explained by the subsidence of inflammatoty lesions Some degree of 
edema usually goes xvith this condmon, there is failure to concentrate and 
nitrogen retention and h}’pertension are present 

In over 60 per cent of the patients xvith acute glomerulonephritis there 
IS clmical, x-ray, or electrocardiographic evidence of cardiac invohe- 
ment The mcidence of electrocardiographic changes and x-ray evidence 
of cardiac enlargement is dependent on the frequency wath w hich such 
studies are made In a small number cardiac insufiiciency may appear 
suddenly or dev^elop sloxxdy and result m death Cardiac dilatation xxuthout 
histological changes is the common findmg Dyspnea or dizzmess w'hen 
the patient sits up, hypertension, a loxv pulse pressure, or the poor qualit}* 
of the heart sounds and a systolic mrumur may be the only clmical mdi- 
cations of cardiac mxmlvement The sjnnptoms of cardiac failure arc 
easily recognized 

The anatomical changes, the eaolog)'' and patliogenesis of these three 
conditions are not xx^eU understood The one common factor in all of 
them IS hypertension and the one reliable objective guide to the state of 
the circulation m acute neplums is the blood pressure I think it is impor- 


Acute Glo7neutlo7iephutts m Children 


217 

int for the clinician to realize that when hypertension is present in a 
hild with acute nephritis there are also present these three real threats to 
fe, the danger to the brain, the heart and the kidney 

The successful treatment of cerebral edema was developed in this 
ountry by Blackfan The plan of treatment given here is that advocated 
)y Blackfan and Butler and will serve as a basis for the treatment of cere- 
)ral edema, cardiac and renal failure Any patient with a systohc blood 
ressure over 1 1 5 mm of Hg , or Avhose blood pressure is rismg, or who 
as any signs or symptoms of cerebral edema is given 4 to 8 cc of 25 per 
ent solution of MgS 04 7 H2O intramuscularly The dose is repeated if 
he blood pressure has not fallen at the end of two hours or if the blood 
ressure at a later period begins to rise "With the intramuscular injection 
t to 2 ounces of 50 per cent A'IgS 04 solution is given by mouth every four 
loiirs, until the blood pressure has remamed normal for twenty-four 
lours or until catharsis results If convulsions are present i per cent 
MgS 04 7 H2O, 100 to 150 cc may be given by vein This form of ther- 
apy IS mefFective and contraindicated m all forms of chronic nephritis 
mth hypertension, and the diagnosis should be made before therapy is 
pushed Overdosage is mdicated by slow, irregular respiration, if this 
occurs 5 to 10 cc of 5 per cent CaCh should be given mtravenously The 
physiological action of MgSOa is not known Experimental work by 
Rubin and Rappoport has shown that the inclusion of MgSOa m the diet 
of rats inhibits the vascular spasm produced by ergotamine tartrate in 
rats not so protected "Whatever the explananon empirically we know 
that MgS04 lowers the blood pressure, reheves intracranial pressure and 
increases urine volume 

With this plan of medication fluid intake should be liberal, between 
1000 and 1200 cc per twenty-four hours The caloric needs may be dis- 
regarded until chmcal improvement and a return of appetite, when a 
regular diet may be given Other measures for the relief of cerebral symp- 
toms, such as lumbar puncture, venesection, and the infusion of 50 per 
cent sucrose are seldom necessary Lumbar puncture is not without dan- 
ger since the sudden Muthdrawal of large amounts of cerebrospinal fluid m 
the presence of increased mtracranial pressure may induce the medullar^'’ 
cone phase and death 

Oliguria and even complete anuria is at times a difiicult problem for 
the climcian I have had no experience with diathermy, radiation of the 
kidneys, renal denervation or decapsulation The hunger-thirst regime 
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of ^’olhard seems to me too drastic for children In addition to the ordm 
ary measures taken the infusion of saline or hypertonic glucose and 
iMgS 04 intramuscularly or by mouth has seemed to induce diuresis but 
many times all that is necessary is a little patience 

For those children m ho have only slight evidence of cardiac imoKc- 
ment nothing more than complete bed rest is indicated But if cardiac fail- 
ure de\ elops then in addmon to MgSOa given as outlined above food and 
fluid should be restricted, venesection is practiced, 50 per cent glucose is 
gi\ en intravenously and digitalis and strophanthus may be used Chlonl 
hydrate and morphine are good sedatives I feel that insuring absolute rest 
will accomplish more for the patient than subjecting him to many pro- 
cedures of doubtful value 

The other important cause of death in acute nephritis is infecuon, 
either pei se or as a contributor)’’ factor present in the circulator)’’ condi- 
tions just discussed Infection and acute nephrins are inseparable but the 
relationships and mechanisms are unknomi Aluch has been VTitten on 
this subject but no one is in a position to speak with authority For pne- 
tical purposes the quesnon divides itself into i) the management of 
infections during the acute stage and 2) the problem of foci of infection 

In some cases the infection is subsiding by the time the nephrins his 
appeared, and only conservative therapeutic measures need be consid- 
ered But in the majority of patients there is evidence of a complication 
of the orimnal infection or of a new infection Peters states it this wa\ 
“Nephritis does not usually attack those pauents who have an uncompli- 
cated convalescence (from scarlet fever or angma) but those who have a 
septic complication such as cen’ical ademtis, otitis media, etc , from which 
Streptococcus can be recovered” So in some patients infection is a major 
problem A mastoiditis, a peritonsillar or retrophar)Tigeal abscess may de- 
mand immediate operation Even if renal funcuon is impamed and hyper- 
tension vTth its threat of cerebral edema and cardiac failure is present, I 
beliet e that major surgical indications m these patients should be met at 
the appropriate time In these curcumstances the nephritis should be re- 
garded as an indication, not a contraindication for operation Early in the 
disease we can count on enough renal and cardiac resen’e to take the pa- 
tient through a severe operation These reserves ma)’’ not be present if we 
wait too long AVe have never seen harmful effects follow operations 
performed during the acute stages of the nephritis Blood transfusion and 
specific serum therapy may be used v henever they are definitely indi- 
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ated There is good clinical evidence that in the majority of cases the 
roper treatment of severe infection in the acute stages of nephritis has 
favorable effect on the course of the disease ^^e have all seen dramatic 
provement in the nephritis follow in a few days after a mastoid opera- 
ion or the relief of a peritonsillar abscess But it cannot be said that such 
easures will prevent the development of chronic nephritis It is true that 
ome of the children who progress to chrome nephritis have persistent or 
ecurrent mfection in spite of proper care early in the disease But it is 
Iso true that many children who have persistent or recurrent infection 
lever develop chronic nephrms I can only say that adequate surgical 
reatment of infection m patients with acute glomerulonephritis is fully 
ustified on theoretical and clinical considerations In my experience this 
ractice has given uniformly favorable results, neglect has been disastrous 

A^^e have used sulfanilamide m a few cases of nephritis with active 
treptococcus infection The only thmg I can say about it is that if renal 
function IS impaired the level of sulfanilamide m the blood must be care- 
fully v’^atched Nor can it be stated that the use of this drug early in the 
course of streptococci infections will prevent the development of acute 
nephritis 

The problem of foci of infection m children with acute nephritis usu- 
ally comes down to the questions i) Should tonsillectomy be per- 
formed^ and 2) If so, when is the best time to do it^ All agree that the 
usual indications for tonsillectomy are more easily accepted in a child 
with nephrius Aly own behef is that acute glomerulonephritis is an indi- 
cation for tonsillectomy In hospital practice is seems to me a much safer 
plan to operate on all children In private practice other circumstances 
may justify a more conservauve policy But I have not yet learned how 
to tell v^hat is at the bottom of a tonsil by looking at the outside Since 
histor)'’, examination, and laboratory tests may be so misleading it would 
seem much safer to have the tonsils out in any event 

There is a general belief that tonsillectomy should not be done during 
the acute stages of glomerulonephritis Some authorities wait for complete 
recovery or until improvement has stopped It seems to me that m the 
ordinary case the time for tonsillectomy is when the hematuria and 
albuminuria have dimimshed, when hypertension has subsided, and most 
important, when the throat is not acutely inflamed No rule can be made, 
but in the majority of patients this pomt is reached m the first nvo to four 
months after the onset of acute nephritis In certain cases there are definite 
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indicaaons for early tonsillectomy When durmg the first few m eeks ot 
the disease the nepliritis does not improve on a smtablc regime, and the 
oatis or mastoid do not heal as promptly as expected, and m hen there are 
repeated attacks of pharyngias \^nth ademos \%TtIi or anthout exacerbation 
of the nephritis, tonsillectomy should be considered and performed at 
the earliest opportumt}* despite the aemnt^' of the neplirios Parsons and 
Barling state that “On general prmciples a focus u hich is definitely septic 
(eg, tonsils) should be removed as soon as possible, but each case must be 
considered as an independent problem Operations should not be under- 
taken during an acute attack of glomerulonephritis uithout ven* serious 
thought, but the general reacoonis often surprismgly shght, and the prac- 
nce is to be commended if the focal mfiammation is quite definite and 
improvement m the kidney trouble is not takmg place There is of course 
the danger of a verj* considerable reaction” 

The objecaons to tins early attack on foci of infection are in general 
that It makes die paaents u'orse and specifically that it causes a fiarc-up 
in the urme But if one studies these patients carefully it is seen that the 
postoperative flare-up is mild and transient and is not accompanied b\ 
hypertension or edema, u hereas a recurrence of the infection is usualh 
accompamed by a real exacerbation of the neplirius In my experience I 
have not seen the evil results predicted by those who have not follou ed 
this plan, and therefore this criticism of early tonsillectomy seems imahd 
I admit that we are imorant of the mechanisms mvolved, and that no 
one can say that early tonsillectomy lessens the incidence of infection or 
prevents chrome nepluritis In considermg this problem the following 
facts seem pertinent i ) No one can tell which acute cases u ill progress 
to cliromc nephrias, 2) Acute nephritis is almost invariably preceded and 
accompanied by upper respiratory infection or one of its complications, 
3) Recurrent infection m the convalescent period has an unfavorable 
effect on the nephrms, 4) The development of chrome nephritis is at 
ames associated with persistent or recurrent infection, 5) ^^Ten chronic 
nephritis has become established any attack on foci of mfection is useless 
These facts lead naturally to the conclusion that anythmg we can do to 
fight a condition so closely related to acute and cluonic nephritis should 
be done and done as early as possible Only long continued obsen'ation 
will brmg satisfactory'' proof, meanwiule one’s clinical experience is u orth 
somethmg In our hands this plan of management has not been harmful 
and so far the results justify its continuance 
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In closing I realize I have omitted to say anything about the general 
easures taken in the management of acute nephritis This is not because 
thmk them unimportant but because I think they are well covered in 
e texts on the subject I have stressed the problems of infection and cur- 
atory disturbances m acute nephritis m children because they are inad- 
uately treated m most text books and are neglected by many chmcians 
[y only excuse for spending so much tune on the subiect is the behef that 
the physician will realize these serious possibihties inherent in a child 
I ivith nephritis a more alert attitude will result in a lowered mortahty 
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Buenos -Vires, Viio 1 No I Tin 1917 
Cinadian Journal of Comparatiae Mcdiune 
Gardena ale, Quebec, Vol 1, No 1, Oct 
1937 

C irdiologia Internationales Arclua fur 
Kreislaufforscliung 
Basel Vol 1, Fase I, 1937 
Catholic Uniaersita of Vmcnca, Studies in 
Nursing Education 
M ashington, Vol 1, No 1, Tune 193G 
( Vn earlier issue is marked Vol 1 
1933 ) 

Charterhouse Rheumatism Clinic, Origin il 
Papers 

London Vol 1, 1937 

Clinical Bulletin of the Umiersiti Hospitals 
of Clei eland 

Qe% eland, Vol 1, No 1, Jan 1937 
Contributions to Clinical Practice in Medi- 
cine and Surgen b\ Members of the 
Staff of the Southend General Hospital 
Southend-on-Sea, Vol 1, 1936 
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st of 1 reitnient 

Pliilidelplin, ^ ol 1, \o 1 , Juh 1937 
epsin, the Jourml of the Internatioml 
League against Epilepsi 
Copenhagen, Senes 2, ^^ol 1 , No 1 , 
Feb 1937 

a biotheoretiea (Geschnften \an de Prof 
Dr Ian i an der Hoei en-Stichting \oor 
theoretische biologic lan dier en 
mensch, \erbonden aan de Lnnersiteit 
te Leiden, Senes B) 

Leiden, No I, 1936 
la clinica onentaha 

Tel-A\ i\ , Palestine, \ ol 1, Fasc 1, Maa 
1937 

tsclintte der Erbpathologie, Rassenha- 
giene und ihrer Grenzgebiete 
Leipzig, Jahrgang 1, Heft 1, Juh 1937 
rtsclintte der Zoologie 
lena, Neue Folge, Band 1, 1935 (pub- 
lished in 1937) 

simmelte Vortrage der 1 Frankfurter 
Konferenz fur medizinisch-natunMssen- 
scliaftliche Zusammenarbeit 
Berlin, 1936 

outli, a Journal for Studies of DeielojJ- 
ment and Increase 

Menasha, Mis, Vo! 1, No 1/6, April 
1937 

opital reMie mensuelle de medecine et 
d’lnformation mSdicale 
Montreal, Vol I, No 1, Dec 1936 
iterpretation radiologique 
Pans, No 1, Jan 1937 
ihrbuch der allergischen Krankheiten 
(M issenschaftliche Zentralstelle des 
Heufieberbundes) 

Koln-Mulheim, Band 1, 1937 
oiirnal of Consulting Psa chologi , published 
b\ the Association of Consulting Ps\- 
ehologists, Inc 

Lancaster, Pa, Vol 1 , No 1, Jan -Feb 
1937 

ournal international de chirurgie, organe 
de la Societe Internationale de chirurgie 
Bruxelles, Tome 1, No 1 , Jan -Feb 1936 
lournal of Parapsychology 

Durham, N C , Vol 1 , No 1 , Narcli 
1937 

Journal of the Royal Institute of Public 
Health and Hygiene 
London, Vol 1 , No 1, Oct 1937 
Lckarska reyiie 

Praha, Rocnlk 1, Clslo 1 , 1937 


Luftfahrtmedizin 

Berlin, Band 1 , Heft 1 , 1936 
Luftfahrtmedizinische Vbhandhingen 
Leipzig, Band 1 , Heft 1 / 2 , 1936/37 
Alitroscope the British loin ml of Micro'.- 
copy and Photomicrography 
London, Vol 1 , No 1, Aug 1937 
Mikrochimica Acta, Organ fur reine und 
angeu andte Mikrochemie 
M len. Band 1 , Heft 1 , April 5 , 1937 
Nuaragiia mtdica organo de Ii Sociedad 
niJdica de Managua 
Managua, Ano 1, No 1 , July 1937 
Psvchometnka, a Journal devoted to the 
Deyelopment of Psychology as a Quan- 
titatiie Rational Science [published by] 
the Psychometric Societj 
Chicago, Vol 1 , No 1 , March 1936 
Radiologica Internationale Zeitschrift fur 
Photobiologie und Biophysik, Strahlen- 
medizin und Photochemie 
Berlin und Leipzig, Band 1, Heft 1/3, 
Oct 21, 1937 

Research Monographs, \merican Orthopsy- 
chiatric Association 
Menasha, Mis, No 1 , 1937 
Reyieyy of Tumor Therapv 

Charleston, S C, Vol 1 , No 1, June 
1937 

Reyista de la sanidad militar 

Habana, Ano 1, No 1, Juh -Sept 1937 
Reyista de tuberculosis 

Habana, Ano 1 , No 1, Jan 1937 
Rheiimatisnius Saminliing yon Einzeldar- 
stelliingen aus dem Gesamtgebiet der 
Rheumaerkranknngen 
Dresden und Leipzig, Band 1 , 1938 
Schriftenreilie des Reichsgesiindheitsamtes 
Leipzig, Heft 1, 1936 

Schriftenreilie zur Sclm eizerischen medizin- 
ischen M oehensehrift 
Basel, Heft 1, 1936 

Sociometry , a Journal of Inter-personal Re- 
lations 

Beacon, N L , Vol 1, No 1/2, Juh- 
Oct 1937 

Studies of the Institiitiim Dm Thomae pub- 
lished by Institutum Dm Thomae of the 
Vthenaeiim of Ohio 
Cincinnati, Vol 1, No 1, 1937 
lurk urologi dergisi 

Istanbul, Id 1, Sayi 1, Feb 1936 
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Unio internationalis contra cancrutn, Vctn 
Bruxelles, Vol 1, No 1/2, 1936 
Zeitschrift fur Tierps\ chologie , herausge- 
geben ^on der Deutsclien Gesellschift 
fur Tierpsj chologie 
Berlin, Band 1, Heft 1, April 1937 
Zentralblatt fur die gesamte 7ahn-, Mund- 
und Kieferheilbiinde 
Leipzig, Band 1, Heft 1, Mareli 1936 

Journals rthwh began before 1936 

American Anthropologist Menasba, Wis 
ArchiMO italnno di pediatria e puencoltura 
Bologna 

Archives de medicina legal Buenos Vires 
Beitrage zur pharmazeutisclien Anahse 
Halle 

Bollettino e atti della R Accademn medita 
di Roma Roma 

Bollettino e memorie della Societa Eniiliano- 
Romagnola di cbirurgia Bologna 
Bollettino della Societa medico chinirgici 
bresciana Brescia 

British Homoeopathic Journ il tlie Qiiartei- 
h Organ of the British Homoeopathic 
Societt London 

Bulletin of the National Association of 
Nurse Anesthetists Clei eland 
Bulletin de la Societe beige de cardiologic 
Bruxelles 


Cheiron, \ etennarlustorisches Jahrlmcli 
Leipzig 

Clinica Bologna 

Contributions from the Institute of Phi 
ologi. National Vcadeim of Pcipn- 
Peiping 

Diseases of the Chest El Paso, lexas 
Tournal of Dair\ Research London 
Journal of the Ro^al \nn\ A ctenmn 
Corps Aldershot, England 
Medizinmecliamk Berlin 
Monatshefte fur Chemie Leipzig und ten 
Monitore ostetrico-ginccologico Modcni 
Neopsichiatna, rassegna di psichntru— 
neurologia — endocnnologia Pisa 
Pacific Const Journal of Horaoeopntln Sm 
Francisco 

Plant Plnsiologv Lancaster, Pa 
Polski przeglad mechevns lotniczcj 
arszaw a 

Rassegna italiana d’ottalniologie 'lorino 
Revista paulista de tisiologia Sno Paulo 
ReMie beige de la tuberculose Bruxelles 
Rcmic \ neurologii a ps^clnatrn Praha 
ThaRs, recueil annuel des traiaiix de lln 
stitut d’histoire des sciences et des tech 
niques de I’Unn ersite de Pans Pans 
Uniaersita of Toronto Studies, Child Dc\cl 
ojiment Series Toronto 


R c r X T .iccrssioxs 
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Bainbridge, "W S Eighth International 
Congress of J/tfifari; Medicine and 
Pharmacy 1935 Report 
’Wash, L S Gov Pr Off, 1937, 114 p 
Bourdelle, E , Bennejeant, C Wicart, A 
E Inatomie et physiologic bticco- 
dentaire^ 

Pans, Bailliere, 1937, 614 p 
Braude, "M The principles and practice of 
clinical psychiatry 
Phil, Blakiston, [1937], 3S2 p 
Clark, G N Science and social rcelfare in 
the age of Keraton 

Oxford, Clarendon Press, 1937, 159 p 
DaMSon, V Mammalian anatomy with spe- 
cial reference to the cat 6 ed 
Phil, Blakiston, [1937], 328 p 


Eggleston, C E'.senhals of prescription 
ronting 6 ed 

Phil , Saunders, 1938, 155 p 
Elbel, H Die Xi,issenschaftlichen Orundtngen 
der Beurteihing ton Blutalkoholbe- 
funden 

Leipzig Thieme, 1937, 106 p 
Geckeler, E O Fractures and dislocations 
Balt Wood, 1937, 252 p 
Globus, J H Practical ncuroaiiatoiny 
Balt , Wood, 1937, 387 p 
Hurst, (Sir), A P The time has come 
The Hareeian oration 1937 
London, Headle^, [1938’], 42 p 
Kessler, W Einder-ZahnhcilLundc 2 Vufl 
Munchen, Lehmann, 1937, 292 p 
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mer, J A &. Boerner, F Approved labo- 
ratory technic 2 ed 
N Y, AppIeton-Centur^ , [1938], 893 p 
ininrd, K Jnvolutive und idiopathische 
Anaitdeprossion in Khnih und Erbhch- 
keit 

Leipzig, Thieme, 1937, 116 p 
dins, G Lehrhuch der biologischen Hed- 
imttel Abt I Hedpflanzen 
Leipzig, Thieme, 1938, 4 i 

J T Onthne of ocular refraction 
Omiha, Medical Pub Co , 1937, 395 p 
leitones in medicinCj laity lectures of the 
Eeu) York, Academy of Medicine 
N y, AppIeton-Centur\, 1938, 276 p 
Iter, W Die angeborenen Pehlbitdungen 
der mensohlichen Hand 
Leipzig, Thieme, 1937, 170 p 
itional League of Nursing Education 
Curriculum Committee A curnciilum 
qiiide for schools of nursing 2 revision 
N Y, Nat League of Nursing Educ, 
1937, 689 p 

adgett, E C Sitrqical diseases of the 
mouth and jnw? 

Plul, Saunders, 1988, 807 p 
hine, J B Ecu- frontiers of the mind, the 
story of the Duke experiments 
N 1 , Farrar, [1937], 275 p 


Rice, C O Injection treatment of hernia 
Phil, Davis, 1937, 266 p 
Riesman, D High blood pressure and lon- 
gevity, and other essays 
Phil , Winston, [1937], 726 p 
Sauerbrueh, F A O’Shaugbnessi , L P 
Thoracic surgery 
London, Arnold, 1937, 394 p 
Scheid, K F W Febrile Episodeti bei 
schizophrenen Psychosen 
Leipzig, Thieme, 1937, 97 p 
Scbueitzer, Alfred Die Irradiation auto- 
nomer Eeflcxe 
Basel, Karger, 1937, 375 p 
Starke, W Paradentose 

Munchen, Lehmann, 1937, 280 p 
Stitt, E R , Clough, P W A Clough, (Mrs ) 
M (Clark) Practical bacteriology, 
haematology and animal parasitology 
9 ed 

Phil, Blakiston, [1938], 961 p 
Vannotti, A Porphyrine und Porpkyrtn- 
kranUieiten 

Berbn, Springer, 1937, 286 p 
Winslow, C E A A Zimand, S Health 
under the ‘‘El’, the story of the Belle- 
viie-Yorkville Health Demonstration 
N Y, Harper, 1937, 203 p 


PROCEEDINGS OF ACADEMY jMEETINGS 


STATED MEETINGS 

March 3 — The New York Academy of 
Medicine E\ecutive Session — a] Read- 
ing of the minutes f Presentation of the 
Academy Medal to Dr Bela Schick on 
the occasion of the tuentv -fifth anni- 
versary of the publication of his work 
on immunity in diphtheria Papers of 
the evening — a] The recognition of de- 
ficiencies in the first four vitamins and 
measures for prevention, Edwards A 
Park, Pediatrician-m-Chief, The Johns 
Hopkins Hospital, Baltimore, b] The 
specific prevention of diphtheria — fur- 


ther observations and inquiries, John 
G FitzGerald, Director, School of 
Hvgiene and Connaught Laboratories, 
Hniversitv of Toronto, c] Variations 
in incidence in infectious diseases, 
James Payton Leake, U S Public 
Health Service Bureau 

March 17 — The Harvey Society (in affil- 
iation with The New York Academy of 
Medicine) The sixth Harvey Lecture, 
The Isolation and Properties of Tobac- 
co hlosaic and Other Virus Proteins, 
Wendell M Stanlev, Associate Ivlember, 
The Rockefeller Institute, Princeton 
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srcT I OX ME i: 1 1 XGs 

jrARCit I — Section of Dermatolofii/ and 
Stiphilaloqv Readme: of the minutes 
*■ Presentation of cases — a] Neii York 
Uniiersita, College of Medicine, b] Mis- 
cellaneous cases ^ Discussion of se- 
lected cases ^E\ecuti\e session 

March 1 — Toint Meeting of the Section of 
Xenroloqy and Piychiatri! and the Xe~c 
TorL Xenrolotjical Societii Reading 
of the minutes T Papers of the e\ enine 
— a] Ephedrine in the treatment of con- 
lulsire seizures, Israel S IVeehsler, 
Discussion bi Foster Kennedi, S Ber- 
nard Wortis, George Hi slop, Emanuel 
D Friedman, Israel Strauss, b] Surgi- 
cal therapi m certain coni iilsii e dis- 
orders, Ira Cohen , Discussion, Ch irles 
V Elsberg, Toseph H Globus, John H 
Scarff, Israel Strauss, c] Pcrierse ten- 
dencies and fantasies — their influence 
on personaliti , Sandor 1 orand Dis- 
cussion bi Abraham A Brill, Israel 
Strauss, Clarence Oberndorf, Foster 
Kennedi liExecutiie session 

March 9 — Section of HxMoncat and Cul- 
tural Medicine E-\ecutiie session — a] 
Reading of the minutes, b] Nomina- 
tion of section officers and one member 
of adi isori committee ^ P ipers of the 
eiening — a] Peter Dettiieiler (1837- 
1937) initiator of the rest cure in tuber- 
culosis, S Adolphus Knopf lij Niels 
Stensen — his tercentenari , \nne Tioms- 
land 1) General discussion 

March 10 — Section of Pediatrics Case 
report, Feeding the cleft palate infant 
nitb the aid of a dental plate, J H 
Sillman, D D S (bj ins itation) V Pa- 
pers of the evening — a] A preliminarv 
stiidi of stimulation of groudh in short 
normal children and duarfs, Josephine 
H Kenion, Discussion bv Ining H 
Pardee, b] The anaphvlnctogenie prop- 
erties of cereal foods and hreadstiiffs, 
Bret Ratner Discussion b\ Oscar M 
Schloss, c] Bulbar poliom\ elitis follosv- 
ing tonsillectomv and adenoidectomv 
Mfred E Fischer, MaNuell Stillerman 



(In mutation). Discussion hi 
D Kramer (h\ mutation) dj 
diagnosis of blood d\scrnsms hi 
marrow puncture, Peter Vojn.1 (hr j-' 

\ Ration), Frank \ Bassen (In mv,ta 
tion) , Discussion In Nathan Ro-cslhi] 

MvrcH l->~Combi,ifd Mrctino of the Sretw’, 
of Mcdtcmc and the Section 01 Siirwrt 
Evecutiie session— a] Rcadinir of the 
minutes, b] Vppomtiuent of noniindmi: 
committee, section of incihcinc 
Vppointinent of nominating comimttee 
section of siirgeri ^ Papers of the 
eiening— a] Plnsiologi and patlmlom 
of extracelhdnr fluid, James L GmiWe, 
Boston (b\ imitation), DisciisMon hi 

V A Weech (In imitation), Dana M 
Vtchlei , b] Simple and acciiralt hlnod 
studies in surgical emergencies (slmc),, 
Iiemorrhage, trauma, burns jitrfora- 
tions, intestinal obstruction) as i emfie 
to appropriate and adequate therqn, 
Tohn Scudder (bj imitation) Discus 
Sion by William P JlacPte, ‘suiniri 
Standard T General discussion 

March 16 — Section of Oemto-Urmoni ‘tur- 
ijerv tExecutiAC session — a] Reading 
of the minutes, b) \ppointmtnt of 
nominating committee t Presentation of 
cases — ^The present status of cislom- 
ctri, Mitli special reference to mii ro- 
cs stometn , lr\ mg Simons P ipcr of 
the eiening — Ureteral transplantation 

V resume of the induafions ind contra- 
indications and personal' experiences 
uitli the operation Elmer Hess, Erie, 
Pa (bi mutation) VGcncril ihsciis- 
sion, Simon A Bcisler, Vbraham 1 li- 
man, Thomas J Kirwin 

March 16 — Section of Otolarifiiirolon’i Hus 
meeting held coniomtU with the Section 
of Otolaringologi of the CoUccc of 
Phv sicinns of Philadelphi i Rc uhne of 
the minutes ^ Papers of the cienmc— 
a] Parapharangeal heiuorrhiires, diag- 
nosis and treatment, I oiiis Huherf, 
Francis Vf MHiite, Discussion h\ Mnr- 
ren B Dans (bx imitation) b] Ireat- 
ment of carcinoma of the 1 inaix, 
Rudolph Kramer, Discussion hi Gabriel 
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Tucker (I)\ ruMtition) , cj Modific ition 
of the scmiliin ir gonglion ipprouch used 
in sur£rer\ of petrous prnmid, Jlnmn 
F Jones, Discussion In Oscnr V Bat- 
son (In mutation) “I Genera) discus- 
sion 

-It IS — Sf(/ioii of Orlhopodic Siin/en/ 
Esecutne session — a) Readme of the 
minutes h] Appointment of noinimtme 
committee U Papers of the esening — 
a] Painful hips, M N Snuth-Petersen, 
Boston (In mutation) (45 minutes) 
h] Bone block for painful hips, Toseph 
B I Episcopo (30 minutes) c] Dis- 
cussion, Philip D Wilson, Nicholas S 
Ransohoff, Man DeForest Smith 
H General discussion 

I 21 — Section of Oplillinlmolof/i/ Dis- 
pla\ of immmalnn fundus plates — 
Demonstration of materials, methods 
and technique of irt in relation to eie 
b\ \anoiis ophthnimoloirists ind artists 
VE\ecutne session (8 30) — a] Reading 
of the minutes b] Vppointnicnt of 
nominating committee U a] Art in oph- 
thnlmologi, Perm Fridenberg (hi mu- 
tation), b] Mamiinb in fundi, I-eGrand 
H Hards *1 Presentation of cases — a] 
Choroidal hemoirlnire smmliting a 
choroidal tumor, Alai tin Cohen, Lems 
AV Crigler, b] \n unusual case of reti- 
nal detachment mth cast formation, 
A\ alter Grilles (bs insitition) c] 
Plastic repair of old 1 iceration of losser 
lid (mosinir picture denionstrition), 
A\ endell L Hiiirhes IT Paper of the 
esening — V prelimin ir\ report of the 
s able of function il s isiial tests for the 
locilirition of siipi itentorial tumors of 
the brain (illiistrited In lantern slides), 
Charles V Elsber", Hi min Spotnitz 
(b\ mutation) Discussion, John JI 
A\ heeler 

> 'ancii 22 — Section of Oh'.tetnc'r nnd Gt/ne- 
coloqy From the Alemorial Hospital 
Pseciitne session — Appointment of 
nornimting committee H Papers of the 
eiemng — a] Esperience uith radium 
therapi alone in cancer of the corpus 
uteri, Robert L Bioun (In mutation) 


Discussion, Nelson B Sackett, b] Aian- 
agement of the adianced case of carci- 
noma of the ceriix, E L Frazell (bv 
mutation). Discussion, Ira I Kaplan, 
c] Chono-caremoma, a report of seven 
cases, John A Kelh (b\ invitation). 
Discussion, Thomas C Peightal, d] 
Choice of treatment in fibroma oma of 
the uterus, AVilliam P Heah Discus- 
sion, James A Corscaden 

AFF I LI AT CT> SOCJIZTIES 

M vncH 16 — Few York Section of the Society 
for Experimental Eioloqy and 'Medicine 
at The Few York Academy of Medicine, 

2 Ea’st 103 Street Vitamin Bj metabo- 
lism m man Urinara excretion of B^^, 
Alfred S Schultz, Robert F I ight, 
Charles N Free (introduced In I 
Greenuald) UTlie effect of choline on 
the production of experimental athero- 
sclerosis in rabbits, Alfred Steiner 
(introduced bi Kenneth B Turner) 

IT Iniestigations on the pathogenesis of 
tet.iniis, Bernard 7iiger, Vlncb Priede- 
niann (introduced b\ Benjamin Kra- 
mer) liHemohtic properties of indol, 
Eric Ponder U The diagnosis of \enous- 
arteri 1 ] shunt bi the ether circulation 
time method. At lUiam Benenson AA^il- 
liam AI Hitzig (introduced In George 
Baehr) “I Effect of ciclopropane on 
intestinal actiMti in \no, C I Biirstein 
(introduced b\ Colui) 

AIarcii 21 — -7 he Few 7 ork Eoentqen So- 
ciety III affiliation with The A ca, } ork 
Acadeimi of Medicine Presentation of 
interesting cases Paper of the eaenmg 
■ — Cancer of head and neck, Domrlas 
Quick Discussion, Haves Alartin (bv 
invitation), AAblliam Harris, Alaiince 
Lenz IT Executive session 

AIvrch 29 — Few York Pathological Society 
in affiliation with The Few York Acad- 
enut of Medicine Joint meeting with the 
Fe-o York Oastroenteroloqical Associ- 
ation Papers of the evening — a] Hered- 
itv in cancer, Aladge T Alacklm b] 
Experimental ev idence on the relation 
between heredity and external factors 
in cancer, Clara Lvneb 
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I DEATHS OF FELLOWS ^ 

BJHSESaSZSESHSaSHSZSHSHSHSHSESaSZSHsS 

Chard, Marie Lothse 121 El'll 60 Street, 
Keiv Tork Citi , born in Brooklm, Nei\ 
\ork, Janunri 6, 1868, died m New York 
Citj, January 20, 1938, graduated m medi- 
cine from tlie tVomen’s Medical College of 
the New York Infirmary for tVomen and 
Children in 1895, elected a Fellow of the 
kcadeni'', Maj 5, 1904 
Dr Chard was consulting surgeon and 
ginecologist to the New York Infirmarv for 
Women and Children and a member of the 
Board of Trustees of that institution 
Dr Chard was a Fellow of the American 
College of Surgeons, the American Medical 
Vssociation, and a member of the Counti 
and State Medical Societies 

Edgertox, Fraxcis Cruger 570 Park Aie- 
nue. New' York City, born in Middletowm, 
Connecticut, JuB 11, 1874, died in New 
York City, February 19, 1938, graduated 
m medicine from the College of Physicians 
and Surgeons in 1898, elected a Fellow of 
the Academy November 5, 1903 

Dr Edgerton was consulting surgeon to 
the St Marj'’s Hospital in Hoboken He 
was a Fellow of the American Medical 
Association, the American College of Sur- 
geons and a member of the International 
Society of Urology, the American Associa- 
tion of Genito-Urinary Surgeons, and the 
Count}' and State Medical Societies 

Gelder, Charies Neuman 80 East 40 
Street, New' York City, born in Austria, 
June 2, 1891, died in New York City, March 
3, 1938, graduated in mediane from the 
Long Island College of Medicine in 1913 


fdected a Fellow of the Vcadcmi, \o\iroi,, 

3, 1921 

Dr Gelbcr was a Fellow of the Auicrav, 
Medical Association and a meinher of tht 
Coiinti and State Medical Societies ' 

MicitiEEis, Aefred 171 West 71 Street 
New York Cit\ , born m Berlin, Genmnv 
Februari 11, 1874, died in New lork Cih’ 
Tamnri 29, 1938, reccned the degree of 
Bachelor of Arts from the College of the 
CiU of New York in 1694 and graduated 
in medicine from the College of Piuucmns 
and Surgeons in 1898, elected a Fellow of 
the Academi February 7, 1907 

Dr Michaehs was Assistant Profescot of 
Otolarmgolog} at the College of Phisicians 
and Surgeons and Attending Nciirolognt 
to the Vanderbilt Clime He was a Fellow 
of the American Medical Association and 
a member of the County and State Medical 
Societies 

ScHROEDER, Louis Clausen 50 East 72 
Street, New York Cit} , born m Philndel 
pliin, Pennsiliania, April 14, 1881, died m 
New York Cih, Februan 25, 1938, eradii- 
ated in medicine from the College of Plnsi 
cians and Surgeons in 1911, elected a Fellow 
of the Academy, February 7, 1918 and desig- 
nated a Fellow' in Pediatrics in 1933 

Dr Schroeder was attending plnsician 
to the New York Hospital and consulting 
physician to the St Luke’s, Newburgh and 
State Reconstruction Hospitals He was 
Assistant Professor of Chnicnl Pediatrics 
at Cornell Umi ersity Medical College 

Dr ScliToeder, who held a certificate from 
the American Board of Pediatrics, was a 
Fellow' of the American Medical Associa- 
tion and a member of the American Pedia- 
tric Society, the American Academi of 
Pediatrics and the Counts and State Medi- 
cal Societies He w'as a member of the 
Editorial Board of Presentise Medicine 


bulletin of 

THE NEW YORK ACADEMY 
OF MEDICINE 
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THE FUNCTIONAL SIGNIFICANCE OF 
THE LYMPHATIC SYSTEM 

Harvey Lecture, December 16, 1937 
Cecil K Drinker 

Department of Physiology Harvard School of Public Health Boston Mass 


n T IS the first duty of a Harvey Lecturer to give credit to 
those who have gone with him upon many voyages of 
disappomtment and occasionally of discovery It is often 
hard to find the way to port alone, and while I have been 
ttSHSEsaFfl selected to review our experiments, it must be understood 
I am merely the mouthpiece of all those who for the past ten years have 
' 1 with me in pursuit of a few of the elusive problems of lymphaac 
function 

The lymphatic system reaches its most complex development in 
mammals, and of all mammals man can probably claim the most exten- 
sive and elaborate lymphatic apparatus Many of us are inclined to thmk 
of lymphatics, lymph nodes, and lymphocytes as a defense mechamsm, 
and there is of course no doubt but that all these elements participate 
Widely in infections and in inflammatory processes But defense is by no 
means the whole story, and so it is necessary first to review what has been 
learned of lymphatic function in normal healthy subjects and second, 
to relate this to the reactions observed during infection and inflammation 
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It should be part of such a summary to discuss one of the most funda- 
mental problems of the lymphatic apparatus, namely, the function of the 
lymphocyte The production, activity, and disappearance of these blood 
elements have been measured, so far, quite unsatisfactorily But to sum- 
marize the experimental, clinical, and conjectural evidence upon h nipho- 
cyte function, interesting though the effort might be, is beyond the scope 
of this lecture, which deals with the movements and the chemical 
composition of lymph under varying conditions The lymph nodes as 
effectors m this system find their place in the discussion 

Lx'Mphatic Function under Normal Conditions 

In 1926, in Professor Krogh’s Laboratory, I was assigned certain 
problems m relation to the permcabilitj’' of the blood capillaries m the 
web of the frog, a subject very intimately involved with the problems 
of the composition and formation of lymph It then thought, in 
accordance -with Starling’s theory of the balance between capillary blood 
pressure and colloid osmotic pressure, that practically none of the plasma 
proteins passed through the wall of the capillary But this conception 
did not fit the performances of the lymphatic system m the frog These 
animals have no lymph nodes The lymphatics are a simple, subsidnrj^ 
circulatory mechanism and are steadily engaged in moving fluid which 
leaves the blood capillaries back again to the blood It has been estimated 
that fluid equal to fifty times the total blood plasma may leave the 
capillaries and pass through the lymphatic system in twenty-four hours ' * 
This means a very steady deliverj’^ from the blood, and when lymph 
was collected and analyzed, as was readily done by tying cannulas in the 
crural lymph spaces at the ankles and then placing the frog head up at 
an angle of 30°, it was found that the lymph always contained albumin 
and globulin, that it clotted, and that the protein concentration while 
\ ariable averaged about one-half that of the blood plasma ® In the frog 
one can stop the lymph hearts with curare This prevents the return of 
lymph to the circulation If the condition is sustained the animal dies 
through loss of blood volume It simply converts all the plasma to lymph 
Furthermore, if one curarizes a frog, ties cannulas m the crural lymph 
spaces and m the abdominal vein, it is possible by gentle infusion of 
Ringer’s solution through the vein cannula to wash practically all of 
the protein out of the blood, avhich it does not reenter lacking normal 
lymphatic function It can be concluded, then, that in the frog the Ivm- 
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phatjc system is engaged steadily m returning blood proteins to the blood, 
and that in the absence of normal lymph funcoon these substances will 
accumulate e\travascularly When one rums to the mammal, m such 
regions as the skin and subcutaneous tissues, lymph does not circulate 
with a rapidity remotely resembling what is found m the frog At the 
same time, lymph collected from such regions always contains the blood 
proteins, and if lymph drainage is blocked protein will accumulate to 
values as high as 5 per cent Here again an important feature of lymphatic 
function IS the steady movement of extravascular protein back to the 
blood 

In 1930, ue began to attempt to collect lymph from many different 
regions m the dog, being confronted with the fact that thoracic duct 
lymph, upon which most of the classical lymph physiology had been 
based, represented a rather special case, being in the mammal the most 
vivid sunuving evidence of an active circulatory function on the part 
of the lymphatics So far as can be told, the blood capillaries in the 
intestines and perhaps, too, in the liver are permeable to protein to a 
degree resembling those in the frog With this goes the fact that the 
intestinal lymphatics must carry fat In an anesthetized animal lacking 
massage, or passive movement, I believe that almost all of the thoracic 
duct lymph comes from the abdominal organs Practically none will 
floM in from the extremities and but small amounts null be added from 
the neck, from the heart, and possibly from the lungs 

Obviously, to get at the fundamental qualities of lymph and the 
conditions for its production it was necessary to get away from the 
thoracic duct There was nothing new about this idea As is the case in 
so many modern techniques in physiolog}^ our cannulations and methods 
of collection can, in their mam features, be found in Ludwig’s Ai heiten 
in the seventies of the last century But it was much easier for us We 
made fine quartz cannulae We had good binocular magnification and 
we had good anesthesia both local and general And finally, there were 
both physical and biochemical methods for defining the composition and 
properties of the small amounts of lymph which could be obtained 
through such cannulations 

The most dependable figures on the amounts of lymph collectable 
per minute— by which I mean lymph from neither the thoracic duct 
nor an abdominal vessel — necessitate collection under normal conditions 
of lymph flow, and this was accomplished by cannulating a hmphitic 
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Fig 1 Cnnnula m n hniplmtic draining 
part of tlic front foot of the dog (From 
Drinker, C K and Field, E Lraphatics, 
L\mph and Tissue Fluid Baltimore, Wil- 
liams & Wilkins, 1933, p 89 ) 


m the foreleg of a dog under local anesthesia, as is shoivn m Fig i 
With such a cannula m place a dog may walk or run during many hours 
of observation, thus contrasting periods of rest with periods of activity, 
periods of normal venous pressure with periods of high venous pressure 
and even perhaps periods in which what has been called “tissue pressure” 
IS increased 

The results of such observations can be represented quite fairly 
in several figures taken from many experiments In the first case, Fig 
one sees what may be regarded as average normal lymph flow and the 
thmg that is significant is that the amount of lymph which is really 
desaned for the thoracic duct is exceedingly little McAlaster^ and his 
associates have shoivn that appropriate substances injected intracu- 
taneously may flow out through lymph pathways with astonishing rapid- 
ity These quick spreads of foreign material from a central point have 
always been the result of an increase, even though slight, of tissue fluid 
pressure They indicate most beauofully the extraordinary openness 
of the lymphatic system, and its availability as a path of movement for 
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Fig 2 Per cent of protein and milli- 
rams of lymph produced per mmute from 
dog prepared as m figure 1 Left leg can- 
ulation and Innph collection 3, 193T, 
ight leg Mn\ 4 At the left-hand arrow 
the rate of "nalking was increased, as 
hown bv the peaks in Innph production 
rom the right leg and in alternate periods 
educed to the earlier lei el Rapid walk- 
g ceased entirely' at the right-hand arron 
Blood protein 5 68 per cent Loner or- 
linates, milligrams of hmph per minute, 
ipper ordinates, per cent protein, abscissa, 
niniites 


Fig 3 Per cent of protein and milli- 
grams of Innph produced per minute from 
a dog prepared as in figure 1 Left leg 
cannulation and hmph collection April 20 
1937, right leg April 23 At the left-hand 
arrow L venous pressure was mcreased to 
60 mm Hg in the left leg, and this pressure 
was released at the right-hand arrow L In 
the right leg the two arrows R indicate the 
same manoeuvre Blood protein concentra- 
tion 5 82 per cent Lower ordinates, milli- 
grams of hmph per minute, upper ordin- 
ates, per cent of protein, abscissa, minutes 







Pig 3 


Fig 4 Per cent protein, milligrams of 
hmph, and milligrams of lymph protein 
collected per mmute from a dog prepared 
as m figure 1 At the left-hand arrow ven- 
ous pressure was mcreased to 80 mm Hg, 
and at the right-hand arrow released to 
zero Blood protem concentration 6 79 per 
cent Right ordinates, lower curves, milli- 
grams of lymph per mmute, upper curve, 
per cent protem Left ordinates, milligrams 
of hmph and protein per minute Abscissa, 
minutes 



Fig 4 
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all sorts of abnormal tissue entrants They do not give any actual mdici 
non of the movement of lymph out of a part which depends upon the 
entrance of lymph into valved vessels and then upon the effects of mas 
sage, motion, or swelling Turning to Fig 2 certain things arc csidcnt 
First of all, after twenty minutes of walking at a uniform gait the amounts 
of lymph collected per minute become very uniform and the protein 
concentration, particularly m the left leg, does likewise In the case of 
the right leg, observed a day later, at the arrow R, periods of rapid 
walking avere alternated with the former uniformly slow rate Increase 
in acuvity caused a corresponding increase in lymph producuon In Fig 3, 

an experiment is shown in which a left forefoot lymphatic u%as cannu- 
lated and at the left-hand arrow venous pressure was increased to 80 mni 
Hg In this case, there was but a slight increase m lymph production as 
a result of this maneuver, and a delayed but equally slight fall in the 
concentration of lymph protein At the right-hand arrow L the tourni- 
quet causing venous pressure increase was released Three days later 
the same experiment was performed on the right foreleg, venous pres- 
sure being increased to 80 mm Hg at the left-hand arrow R and released 
at the right-hand arrou'- R The result was quite similar to that obtained 
on the left leg It will seem strange that such a radical increase in venous 
pressure had so little effect but such is often the case Apparendy there 
are animals which resist alterations in lymph flow and composition with 
extraordinary success and such dogs behave very much the same upon 
successive days Fig 4 displays a very different sort of dog, one reacting 
according to conventional expectation In this instance but a single leg 
IS shown At the left-hand arrow venous pressure was increased to 80 
mm Hg, and at the right-hand arrow this pressure 'was released Lymph 
flow increased from 38 to 230 mg per minute, and the total protein 
found in minute volumes of lymph increased from o 77 mg to 4 2 mg 
per minute These changes have an interesting relation to one another 
Lymph flow increases in the ratio of i 60 and lymph protein, col- 
lected per minute, in the ratio of 1 5 4 It is hard to escape the idea that 

during this period, when re-absorption of water by capillaries has not 
taken place, the filtrate from blood capillaries in the foot has had a 
protein concentration in the neighborhood of i 8 per cent Further, 
m view of the rapidity with which lymph production increased, it 
seems that )ust prior to the increase in venous pressure the capillarv 
filtrate must have been high in protein but not so high as in the lymph 
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owing to the fact that the latter concentration reflects absorption of 
water 

The skin lymphatics exist as a meshwork over the whole body So 
far as is known, this large lymphatic basin always contains lymph, and 
since the communication is so general, reactive substances m one part 
may eventually reach another But it does not seem there can be anv 
adjtn ants of this spread save movement, massage or swelling with 
accompanying increase in tissue pressure The subcutaneous lymphatic 
netv ork is thus an enormous potential route for dismbution of extra- 
vascular material, but there is neither reason nor evidence for rapid 
directed movement of lymph through it under normal circumstances 
of rest 

The illustrations of lymph flow which appear m Figs 2, 3 and 4 
are a fair average of experience if lymph is collected from draining 
trunks in normal unanesthetized animals, but as has been indicated, 
surprising things are seen as such experiments are done o\ er and over 
again Dogs as classified from the point of view of lymph production 
by our laboratory assistant of many years, Louis Freni, are et or dry 
No one has seriously attempted to relate failure of lymph production 
to diet, fluid intake or any other existing or induced condmon Mr 
Freni’s classification is, however, a fact, and any one carrying on similar 
experiments will encounter animals in which lymph flow from draining 
channels xvill be negligible and others from v'^hich lymph flow will be 
surprisingly free The giving of intravenous saline and copious water 
by mouth will not convert a dry dog to a wet one These \ ariations in 
lymph production in normal animals are vastly mteresang, since they 
perhaps express changes in the conditions govermng production and 
absorption of extravascular fluid which go beyond our present ideas 
upon these subjects It is difficult to get away from the possibilit}'' that 
there are differences in the nervous regulations of the capillaries at 
different times and that these may cause delivery or absorption of ussue 
fluid If, for example, arteriovenous anastomoses were freely open in 
a part, shunting blood away from capillaries, then capillar)'’ flow and 
pressure might be reduced and conditions made favorable for the absorp- 
tion of water If, on the other hand, such anastomoses were closed, then 
the full filtermg capacity of the blood capillaries would become available 
provided an extreme degree of general constriction was not present It 
IS a question, too, whether the vasomotor control of arterioles, capil- 



Janes, and veins alAvays operates in tlie same May or \\hether at times 
a single element in tlie triad gets the better of another ^'^^hile such an 
expectanon is perhaps reasonable, there is but little actual evidence for 
It For example, it has been shovra that acet)’lchoIine has a possible 
constrictor effect on veins, and Ha'vmes,''’ m 1932, found tliat acenl- 
choline injected into the artery to a part at once mcreased Ijunph flou 
Fleisch® had indicated this might be due to a constrictor effect upon 
venous capillaries and small veins If nerv^e impulses or chemical sub- 
stances could induce mechanical relations which might cause changes m 
the nature of the fluid delivered from the blood capillaries or in the 
possibility of re-absorption of fluid by these elements, then there vould 
be a basis for the idea that rapid changes in the composition of the tissue 
fluid were mediated by nerve impulses In 191 1, Stewart’ showed that if 
one hand was exposed to cold or heat the blood vessels in the opposite 
hand dilated This he attributed to a vasomotor reflex No one has 
attempted to correlate such reflex vasomotor changes u ith changes in 
the fluid leaving a part through the Ijnnphaacs Our own experiments, 
so far, have failed to illuminate the problem, though frequently we hai e 
believed we had evidence on the immediate change in the lymph caused 
through a variety of nen’’ous reacoons Yet always on more complete 
analysis our experiments have broken dovm 

The chemical and physical properties of mammalian l}’Tnph have 
been measured smee the seventies of the last century, but not with any 
great degree of accuracy until recently because of methodic difficulties 
The relation betuxen lymph and blood from certam regions outside the 
thoracic duct are shoum in Tables i and 2 These tables, it seems to me, 
require emphasis in only one direcnon, namely, that lymph essentially 
reflects the composition of the blood plasma making allowances for 
diluoon 

So much, then, for the formation and chemical composition of l)’mph 
in the normal ammal There is a further important point in relation to 
the question of lymph dramage The l)Tnph route is the one chosen for 
removal from the tissues of all sorts of foreign material which does not 
enter blood vessels The familiar deposition of carbon parades in the 
lung lymphaacs and tracheobronchial lymph nodes are to the point 
I need not pursue the argument through experiments on the great serous 
cavmes, the joints, etc , it is evident enough that the lymphaacs begin 
to be a pathway as soon as abnormal and non-diffusible substances reach 
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tissues 

The general circumstances regarding the permeability of blood and 
miph capillaries to visible particles seem to me to require, shall we say, 

. .n, or better, actual establishment To illustrate If calcite par- 
cles, pneumococci, and other non-motile materials are injected into 
le blood stream they can be recovered from lymphatics within an 
.ur’s time ® No evidence is available that phagocytosis has anything to 
10 ivkh this movement, Avhich involves penetration of the wall of blood 
pillaries, possible brief sojourn in the tissue spaces, and then, if there 
exercise or massage, penetration of the wall of a lymph capillar)’^ 
lere is no indication that such transfers involve the slightest leakage of 
blood proteins The particle seems to pass through the endothelium much 
s a needle may be passed through a film of gelaun There is no hole 
during the passage and none is visible when it is finished The dnected 
tendency of particles and colloidal solutions to move toward lymphatics 
IS quite extraordinary For example,® if the cenncal lymphatics are cannu- 
lated m an anesthetized rabbit so that the lymph from these vessels may 
be collected, and then a suspension of Type III pneumococci is instilled 
into the nose, the organisms can be recovered from the cervical lymph 
within an hour but do not reach the blood until several hours hate 
passed To make the rapid journey to the lymph, a mucous membrane 
must be passed and a lymph capillary entered The mechamsm of such 
a transit is still Avholly mysterious Even more dramatic is the result 
uEen a normal cat is anesthetized with nembutal, the cervical lymphatic 
trunks cannulated with the cannulas pointing toward the head, the 
esophagus ued, and the trachea cannulated If under such circumstances 
a centimeter of 3 per cent trypan blue in physiological saline is mstiUed 
gently into the nose, the cervical lymph displays strong blue coloration 
in fifteen to twenty minutes 

In summary, then, the lymphatic system m mammals m the light of 
modern experiment apparently operates as follows 

I Such blood proteins as leave the capillaries to enter the tissue 
fluid are removed by the lymphatics Under normal circumstances 
this function is called into play by changes in position, movement, either 
active or passive, and tissue pressure In complete quiescence as in sleep 
or anesthesia lymph drainage is negligible, except from the abdominal 
region where mtestinal movements are very potent m pumping the 
lymph into the thoracic duct 
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2 The composiaon of lymph is that of dilute blood plasma This is 
due to the filtration of products from the blood, and not, as has been 
suggested, to their universal production in the tissues Too many expen- 
ments on alterations of lymph flow and composition depending upon 
changes in blood flow, pressure, and composition exist to require empha- 
sis upon this pomt There is no evidence in favor of it and no evidence 
m favor of selective phagocytic action on the part of lymphatic 
endothelium 

Lymphatic Function under Abnormal Conditions 

In 1932, I undertook, with my associates, to display some of the 
functions of the lymphatic system through a very old type of physio- 
logical attack, namely, the ablation of lymphauc funcaon in a part, our 
conclusions as to the normal being dependent on what failed to happen 
when the lymphatics were rendered functionless Efforts to stop drain- 
age by direct surgical methods have never been successful, and I believe 
that lacking the more persistent effects of infecuon, chmcal edemas 
are never due to lymph block alone Let me remind you of the excellent 
experiments of Reichert,^® in Halsted’s laboratory He divided all of 
the assues m the thigh of the dog except artery, vein, and nen’^e to break 
continuity as completely as possible The nssues were then sewn 
together and healing took place The leg distal to the section began to 
swell on the second day, the swelling reached a maximum on the 
fourth or fifth day, but by the eighth or ninth day had subsided com- 
pletely It was possible by ink injections to show that lymphatics had 
regenerated across the wound by the fourth day Lymph drainage 
cannot be extinguished by such measures, even if coupled with radical 
dissection of the lymph nodes in the groin and along the iliac vessels 

In thinking over the problem several factors were clear First of all, 
surgery alone could not get the better of the powers of lymphatics to 
regenerate Second, where lymphatic obstruction seemed to be present, 
as m the case of tropical elephantiasis and of the non-filarial elephant- 
lases seen in the north, the condition almost invariably developed over 
long periods of time and was the expression of repeated or persistent 
attacks of some agent or other upon lymphatics and lymph nodes It 
was thus fair to believe that experimental ablation of lymph function 
must follow what clinical observation had indicated as necessar)’’ 

The experiments devised were simple enough Repeated, centrally 
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Fig G— Eleplnnti ISIS in a dog from rejieited intr ilMiipIntK- miection', 
of quinine In drochloride and cr\stalline silita (From Drinker, C K, 
Field, M E and Hoimns, I llie experiment il production of edem i 
and elephantiasis as a result of iMiipliatie obstruction, fia J Phv-fiol 
1934-, lOS 509) 
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directed injections of a suspension of finely divided crystalline silica 
in 2 5 per cent quinine hydrochloride were used (Fig 5) In this 
mixture the quinine caused a painless necrosis of the tissues and the silica 
induced progressive fibrosis just as it does when inhaled mto the lungs 
Bv steady attack upon lymph nodes, normal vessels, anastomotic chan- 
nels, and new vessels, lymphedema was produced and with it other 
things began to happen The first of these M^as fibrous overgrowth, 
typical elephantiatic change, as shown in Fig 6, which eventually 
progressed to epithelial proliferation in the foot pads The second was 
the appearance of an astonishing susceptibility to streptococcic infection 
Perhaps it may seem that \vhat these rather labored experiments accom- 
plished was all known to clinicians before the experiments were done, 
but that IS not the case Let us see what happens when lymphatic func- 
tion IS seriously interrupted As a result of repeated sclerosing injections 
edema appeared, and since there was no possibility of vein involvement 
this edema was a pure expression of what lymphatic obstruction could 
mean It developed slowly, and as the edema fluid which was easily 
obtained by subcutaneous puncture was examined \\t knew vhat the 
lymphatics \vould have been doing had the injections failed to obliterate 
them First of all, an ordinary pitting edema was established This was 
entirely unaccompanied by pain and was varyingly progressive In the 
beginning \\ e m ere under the delusion that if our dexterity and endur- 
ance veie great enough all the lymphatics in the legs of these dogs 
might be obliterated That I am sure was never accomplished AVhat we 
really found was that if the central lines of lymph movement were 
systematically damaged, then peripheral lymphatics readily dilated, 
the vah es became inadequate, and nothing could assure movement 0 
lymph toward the blood except elevation of the part and the influenc 
of gravity In addition to fluid accumulation, the leg at once began t 
groA\" and the growth was wholly at the site of fluid accumulation 
in the skin and subcutaneous tissues The tissue fluid gained steadil 
in protein until concentrations as high as 5 per cent were reached 
Added to tissue growth, which was an inescapable feature of lymp 
block, another thing happened which has not been explained and appar 
ently was wholly inevitable This was the matter of susceptibihr^’^ t 
infection The dog has practically no bacterial enemies He is subjec 
to virus, protozoal, and major parasitic diseases, but it requires prcpara 
non or mass infection to trouble him through the ordinary pathogem 
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Fig 7 — Details of a t\pical infectious attack in tlie h inphedematous 
and elephantiatic leg of the dog shown in figure 6 Line •V, leukocites 
in the edema fluid in tliousands per cubic millimeter, line B, rectal 
temperature in degrees Fahrenheit, line C, protein in the edema fluid 
in grams per cent, line D, leukocite count in blood per cubic milli- 
meter Ordinates as giien for the different cunes, abscissa, hours 
Plus signs indicate cultures of edema fluid positne for hemohtic 
streptococci minus signs, negatne cultures (From Drinker, C K, 
Field, M E, Ward, H K and Lions, C Increased siisceptibihti to 
local infection following blockage of lirnph drainage tni J Phi/nol 
1935, 112 n ) 


micro-organisms Yet Mhen lymphauc obstruction had been established 
something quite different was m order Dogs, Math this experimental 
mterference Math lymph fioM% have attacks of streptococcic infection 
m the part involved For example, in Fig 7 there is shoMoi the sudden, 
spontaneous infection of an animal with lymphatic obstrucnon Late 
in the afternoon it M^as observed that the dog was limping, favormg his 
elephannadc leg His temperature M'^as at once taken and the course of 
events seen in Fig 7 follow^ed This experience, repeated in other dogs 
and frequent m human patients, mdicates all too clearly one of the un- 
happy consequences of lymphatic obstruction 

In Fig 8 there is a similar chart of the reaction of the same dog to 
inoculation of the same streptococcus into his lymphedematous leg 
It had been showm previously that inoculation of large amounts of the 
same culture into normal parts had no effect, and this finding m as con- 
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Fig 8 — Details of an infectious attack in the dog subject to tlie 
spontaneous seizure shown m figure 7 In this case the attack was 
induced bi iniection of 1 dilute culture of tlie hemohdic streptococcus 
isolated during the previous spontaneous attack Charting identical 
uith figure 7 At the arrou 03 cc per kilogram of a dilute culture 
containing 1300 colonies of streptococci per cubic centimeter recovered 
from specimens of edema fluid (From Drmker, C K, Field, M E, 
\\ ard, H D , and Li ons, C Increased susceptibilitv to local mfeclion 
following blockage of Imiph drainage, A ni J Phy<twl , 1935, IIS 74') 


firmed upon other dogs Nonce the sudden rise m the temperature an 
m the leukoc}T:e count m the edema flmd which followed steady in 
of the orgamsms m the flmd Cultures vtry promptly became neganv 
followmg the febnle explosion, a possible reason why streptococci 
so seldom recovered from human cases experiencmg similar attacks. 

The results may be summarized as follows 

1 When l}Tmphancs are obstructed the consntuents of the l}Tnp 
appear in the nssue flmd "N^fliat these all are no one knows, but < 
increasing concentranon of blood proteins gives a rehable mdicatn. 
of the progress of events This has been shovm m ammals and m 
cases of elephannasis 

2 With the appearance of lymphedema, deposinon of fibrous uss> 
begms promptly and is progressive m direct propornon to the cuu 1 
ness of l^rniph block 
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3 Regions of lymph block develop a surprising susceptibihty to 
infection So far as is known, this is streptococcic alone, but other organ- 
isms may be infective if they can enter the site of lymphedema 

All of these obsen^ations on the relation of the lymphatic apparatus 
to infecnon return us to the old question of why mammals have lympha- 
tics at all The predicament is plain enough For example, in man the 
lymph from the outside of the foot enters drainmg lymphatic trunks 
which take it to a node in the popliteal space This drainage w ay is open, 
highly organized, and quite uniform, yet I thmk that very few of us 
at any time in our lives will have an infection on the outside of the 
foot or lower leg with drainage into the popliteal node It is hard to 
believe that such an elaboration of vessels as is existent in the area in 
question and in many analogous regions, exists solely for defense, this 
issue being one infrequently or never raised in the whole life of the 
individual We are accustomed to adaptations which sene a certainty 
of use, but if defense is the use, then there is throughout the body infinite 
elaboration of a system which in the life of the individual may never 
have significant employment 

I believe that in mammals the lymphatic system retains its primmve 
position as part of the circulatory apparatus, but, because the perme- 
ability of peripheral blood capillaries to protein is not quantitatively 
great, this function is overlooked until lymph drainage becomes an 
important matter, as it does when infection is spreadmg or when the 
system is blocked and edema, elephantiasis, and hvpersuscepnbihrv’^ to 
infection are inevitable 

Let me bring to your attention certam experiments performed dur- 
ing the last few years which, at least, do one thing They illustrate the 
place of the lymphatics in certain unfortunate conditions, and the lack 
of knowledge in regard to the physiology and pathology of vascular 
and lymphatic permeability in certain situaaons These experiments 
deal with both the lymphatics and the lymph nodes 
I Rabbits were the subjects, anesthetized noth nembutal When a 
1 blood infection^" is caused in a rabbit by a Type III pneumococcus, the 

I blood and lymph pictures of the ammal are as is shown in Fig 9, and, 

while antipneumococcus serum is extremely effectiv^e in sterihzing the 
blood when mjected mtrav'’enously, it is not efficient in sterilizing the 
^ lymph It can be understood that while the blood capillaries m the 
I major sense— excluding those of the intestines and In er— are permeable 
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Fig 9 Fig 10 


Fig 9 — Solid line, number of Tj'pe III pneumococci m the blood, 
broken line, number of organisms m the thoracic duct IjTnph, dotted 
line, sections of blood and Ijinph curves, probable numbers of pneumo- 
cocci before and after tlie time of antiserum injecbon At A, 80 cc 
of Antipneumococcus Type III rabbit serum uere given intra\enoush 
(From Drinker, C K, Enders, J F, Shafi'er, M F and Leigh, 0 C 
The emigration of pneumococci tN-pe HI from the blood mto the 
thoracic duct lymph of rabbits, and the survival of tliese organisms in 
the hmph foUowmg intravenous injection of specific antiserum, J 
Exper Med , 1935, 6S 849 ) 

Fig 10 — -kn experiment similar to that in Fig 9 At A, 10 cc of 
\ntipneumococcus T\-pe III horse serum were gnen intravenoush 
(From Drinker, C K , Enders, J F , Shaffer, M F and Leigli, 0 C 
The emigration of pneuraococa tj’pe III from the blood mto tlie thoracic 
duct Ijmph of rabbits, and tlie survival of these organisms m the Ivmph 
following intra>enous infection of specific anbserum, J Exper Med, 

1935, €S 849 ) 

to protein they are not permeable enough to permit the diffusion of 
more than a fracaon of the antibodies necessar)^ to check this bactenal 
mfecaon In a later series of experiments,^® it was shoira that Mhen 
rabbits were infected Awth a virulent T)’pe III pneumococcus given 
intravenously, the organisms were found promptly m cenncal and 
in leg lymph The isolation and survival of orgamsms m such regions 
seems to be due to the fact that the concentration of anabodies leainng 
the blood and eventually reaching the l}Tnphaacs is always well belov 
that in the blood Indeed, if current ideas as to the limits of normal 
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capillary permeabilit)’" were followed it would be impossible to reach 
extracapillary regions with any but traces of the ana-substances mjected 
inaavenously or subcutaneously 

While a fair delivery of such mtravenous mjecaons to the tissues 
may be expected, apparently lollmg concenaations will not be atramed 
unless the anti-substances are of tery high potency and reasonable 
diffusibxlity 

The Functions of the Lyaiph Nodes 

The lymph nodes represent an addiaon to the lymphaac apparatus 
which IS most puzzling Let me remind you that as the scale of evoluuon 
IS passed birds are reached before true peripheral organizaaon of lym- 
phanc tissue in glands is encountered, and then only in certain diving 
birds such as ducks and not in the ordmary domesac fowl with which 
we are familiar Furthermore, even in the birds which do possess lymph 
nodes they are relaavely isolated and insignificant affairs Because of 
the fact that the lymphoid tissue in the mammal is so diffuse, it is 
discounted as an eveiy-day influence in the body Yet careful quanti- 
tations show that the total lymphoid organ in rabbits^^ makes about 
3 3 per cent of the bod}'- tveight If this figure is transferred to a 150 
pound man it means approximately five pounds of lymphoid assue 

Why does man possess so large and so diffuse an organ^ No one 
can say At the present time, we are trymg to find the normal lympho- 
cyte production of isolated nodes, but this problem and the even more 
debatable one of the large delivery of lymphocytes through the thoracic 
duct to the blood and the simultaneous fact that the blood does not 
increase in lymphocyte content are mysteries at present beyond our 
knowledge 

That the lymph glands are effective filters is easy to show It is a 
quesnon w'-hether or not any extravascular protein can get back to the 
blood vessels -wuthout going through a Ivmph node, and this possible 
resaiction applies to all visible and invisible foreign aggregates m the 
tissues beyond the dimensions of inorgamc or relaavely simple solutes 
In any event, it is sure that little or no material v Inch reaches the nssues 
either through the blood capillaries or by accidental enaance from 
without gets back to the blood without first passmg through a lymph 
node This being the case, it is fair to attempt to appraise the nodes as 
filters, and ive have made such experiments with a varien^ of parades 
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both animate and inanimate In all cases it is sufficiently easy to show that 
the lymph nodes are quite effective 

Lymph flowmg mto a node from a number of afferent vessels 
reaches the margmal smus and finds itself in a relatively large umbrella- 
shaped lake, where rate of flow at once becomes exceedingly low and 
every opportunity for settling occurs In addition to this beautifully 
arranged mechanical effect there is the biological acaon of the endo- 
thelial phagocytes in the lymph node reticulum, so that even if relatively 
huge doses of streptococci are drifted in through afferent lymphaacs the 
number escaping the node is pracucally negligible When actual lymph 
node infecuon is estabhshed, then the node may steadily feed organisms 
into the slow lymph stream From being a filter the node becomes an 
unassailable cesspool draining eventually into the blood which in its 
turn may be reasonably capable of dealing with the organisms which 
enter it Recent experiments^® have shown that the lymph nodes have 
importance in the formation of antibodies, but it is all too evident that 
this funenon is often impotent and the nodes become centers of bacterial 
growth rather than the depositories of dead or agglutinated organisms 
In addmon to filtrauon the nodes steadily pour lymphocytes mto 
the lymph stream Any degree of massage or of rapid lymph movement 
accelerates the delivery of the cells which border the sinuses and mdeed 
of anything m the smuses How little massage is necessary is rarely rea- 
lized I am convinced, for example, that the movements of swallowing 
have much to do with the expression of lymphoc)n:es and infectious 
material from the tonsils into the cervical lymphaoc pathways 

So much, then, for the general features of lymphatic function which 
can be covered in the space of a single lecture Perhaps what I have said 
makes it seem we really know a good deal about this system It was in 
1627 when Asellius in his vivisection of a “well nourished dog” first 
saw the widespread distribution of the lacteal vessels in the mesentery 
Since his time William Hunter, Cruikshank, Ludwig, Heidenham, 
Starling and many lesser lights have broken lances \vith the problems 
of lymph production, lymph flow, and lymph node function The great 
encouragement today lies m the mcreasing availability of direct methods 
of experiment, so that this circulation in mammals may be slowly taken 
to pieces physiologically, just as has been the case with the circulation 
of the blood 
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RADIOTHERAPY OF TUiVIORS OF THE 
URINARY TRACT*^ 

Benjamin S Barringer 

Urologist, Memorial Hospital 


HE RADiA,TioN therapy of urinary tumors— kidney, bladder 
and prostate— has taken on m the last ten years formidable 
proportions Surgery has had more and more to acknowl- 
edge the potency of this valuable adjunct to its craft 
This, the surgeon on the whole has been rather reluctant 
to admit Changes from old established forms are difficult— even if the 
old methods are far from adequate 

There are perfectly good reasons for this slow acceptance of the 
tenets of a new art of healing In it have been involved intricate prob- 
lems of physics— almost unbelievable new precepts For evample the 
idea that a ray of energy could destroy a cancer in the interior of the 
body without affecting particularly the surrounding normal structures 
was new So were the development of expensive new machines, and 
the utilization of radium, a new ly discovered element A quite extraordi- 
nary cooperation between the surgeon, the pathologist, the radiation 
expert, the physicist, the chemist, the biochemist and others was required 
All this has involved a somewhat new'' and intricate setup in hospitals 
specially equipped to perform this function 

So the development of radiation therapy has been slow and hesitant, 
but the moving power behind it has been the relative impotency of 
surgery in dealing with urinary cancers The present assured position 
of radiation therapy has been due to a certain partial success in dealing 
wnth certain phases of the cure of cancer This success has been due 
in part to the method of approach established in cancer hospitals twenty 
years ago These hospitals believe that radiation therapy must be in the 
hands of and actually performed by the trained special surgeon (radium 
therapy) or wffien used as an adjunct to surgery (Roentgen-ray therapy) 
It must be adequately understood by the surgeon and applied through 
cooperation of the surgeon and the roentgenologist 
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We therefore see the reason for the specially equipped surgeon 
working in the specially equipped hospital, in other xvords, the cancer 
center 

Radiation therapy as a whole is divided into tu 0 separate and dis- 
tinct parts 

First, radiation may be given from a source outside the body for the 
purpose of destroying tumors within the body The n\o sources of 
this radiant energy are Roentgen ray and radium “packs” By this 
method no operaaon is done and no operative evposure of the rumor is 
made with the purpose of bringing the tumor nearer or more completely 
under the influence of the rays 

Second, radium or its collected and imprisoned emanation may be 
introduced directly into the tumor with or without the assistance of 
surgical exposure Radium alone can be used in this way 

For all practical purposes external irradiation is limited to that pro- 
duced by the so-called deep x-ray machines, either of the 200 K V 
type or the 700 K V type 

External Irradution 

If the tumor bearing organ were on the surface of the body, the 
problem of its irradiauon would be simple But tve have to meet con- 
ditions as they are The barrier tvhich has to be considered is the skin 
This is particularly vulnerable because of its relatively poor blood supply 
The amount of irradiation that can be delivered to an internal cancer 
bearing area is limited by the amount the skin can stand From this has 
arisen the term erythema dose, which means the amount of reaction, 
reddening or blistering that the skin undergoes following external irradia- 
tion This skin tolerance is much greater than was originally thought 
The skin will stand two or three times more than beliei ed sei eral years 
ago Today in the first series of irradiation it is our habit to blister mildh 
the superficial skin areas From this the skin easily and permanenrh 
recovers Much more care has to be taken w ith subsequent irradiation 
and smaller doses have to be given 

Different organs of the body vari in the amount of irradiation the\ 
can receive on account of the different external ports through wdiich 
the irradiation can be given Thus the kidney can be irradiated through 
only three portals, anterior in front of the kidney, posterior behind the 
kidney and lateral No irradiation can be given aboie or below the 
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have proved to be very radio-sensitive The adult tumors are in a 
radio-resistant class and show only occasional and unpredictable regres- 
sions under external irradiation Up to two or three years ago irradia- 
tion of Wilms tumors gave extraordinary but unfortunately only 
temporary regressions in the size of the tumor Because of the temporary 
nature of the regressions it was thought that if nephrectomy was per- 
formed at the height of the post-radiation regression two things would 
be accomplished A heretofore deadly operation would become relatively 
benign, and more cures would result The former estimate proved correct 
but the latter probably not There are to date very few cures resulting 

The opinion was then expressed that these tumors were getting too 
large doses of x-ray in too short a time This resulted m doses of loo R 
or less being given to these tumors at a distance of 50 cm through three 
portals of entry over a period of months The children can stand this 
long irradiation very well In a very few cases the rumors have shown 
semi-permanent regression Possibly we are on the right track One 
child has gone three years and one month (case of Dr Walter McNeill) 
and one, a year under this regime It certainly suggests that irradiation 
alone can cause the permanent regression we have all sought Under 
irradiation alone the possibilities of metasrases must be much reduced 
With the operative removal of such tumors, tumor cells must often be 
set free m the blood stream 

Blxdder Tumors 

These are semi-internal tumors which ought to be definitely diag- 
nosed early in their destructive career Hematuria is an early and 
prominent symptom The tumors are not large as compared with kidney 
tumors Can be seen through a cystoscope and can be diagnosed 
pathologically by pieces removed cystoscopicaUy As a class they are 
radio-msensitive External irradiauon has had little place in their control 
Intrinsic or surface applications of radium applied through the cystoscope 
or the open bladder have been the means of control to date Because 
most bladder tumors grow on the bladdei base near the ureter openings 
or internal urethra, the treatment of these tumors by radium even if 
through the bladder opened suprapubicly seemed to carry with it less 
danger than the removal of the tumors by operation Radium treatment 
on the other hand has certain definite disadvantages, slough formauon 
in certain cases, increase of mfection, calcareous deposit on the radium 
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slough These to my mmd seem to be over balanced by its advantages 
The results of radium treatment in our hands, the radium cither 
apphed through the cystoscope where the mortality of the procedure is 
ml, or through the bladder opened suprapubicly, are 

3 year cures in 215 cases— 69 or 32 per cent 
5 year cures in 215 cases— 52 or 24 i per cent 
The total number of cases in which the bladder has become cancer free 
are 96 or 44 6 per cent 

These statistics include all cases large and small of bladder cancer 
(no papillomata are included) in which the tumor was believed confined 
to the bladder Many of the cases were in the class of so-called inopera- 
bility if we exclude total cystectomy 

The pathological examination of the cured cases show 


^Papilloma with atypical cells 

5 

Papillary Carcinoma 

H 

Infiltrating Carcinoma 

16 

Adeno-carcinoma 

. I 

Grade I 

10 

Grade II 

30 

Grade III 

12 

Grade IV 

• 2 

No Pathology 

6 


96 

The control of a greater percentage of cases would seem to be along 
the line of perfeenng various methods of irradiation with probably 
some part to be played by external irradiation m the higher grades of 
malignancy 


Prostatic Cancer 

Prostatic cancer shows a quite different picture 
In 351 consecutive cases seen at the Memorial Hospital there were 
but sixteen cases (4 5 per cent) which might be called reasonably small, 
that were confined to the prostate and peri-prostatic region Twenty- 
six (7 4 per cent) were classified as medium size, that is well beyond 
the prostate proper, not too large and entirely within reach of the exam- 
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ining finger All of the remaining cases, 309 (88 per cent), were 
extensive, that is the tumor itself was very large or if the tumor x\as 
not large the extensions around the seminal vesicles or to the lateral 
pelvic xvalls were definite, or the bladder was secondarily involved, or 
the tumor arose post operatively, or bone or other metastases were 
present Combinations of these assured us of the hopelessness of the 
picture 

From another angle, m one year seventeen out of txventy-mne cases 
were beyond any treatment whatsoever This is certainly a gloomy 
picture and to a certam extent reflects on the astuteness of the physician, 
ivho had the privilege of first examimng the panent Both the medical 
student and the practicing physician must be better tramed On the 
other hand one can hardly blame the physician too much because even 
after the diagnosis of prostatic carcmoma had been made and the pauent 
is turned over to the specialist, he sees in most cases death inevitably 
supen'^ene In many cases all that can be done is to ameliorate symptoms 
and make oncommg death more bearable Yet there are some rays of 
hope, txventy-nine (a httle over 8 per cent) of these 322 cases were well 
from varying periods between three years and seventeen years and ten 
months That is, the prostatic condition was such as to make one believe 
that the carcinoma was controlled Nine xvent from three to five years, 
sixteen from five to ten years, and four more than ten years It is perfectly 
possible that not all of these cases are cured Time alone will determine 

We know that while the majority of prostauc carcinomas are slow- 
growing and radio-insensitive, from 10 to 20 per cent are actively 
growing and radio-sensitive We know that in some cases the carcmoma 
remains confined to the prostatic and peri-prostatic region for apparently 
a long time (years^) xvith little tendency to metastasize 

The aspiration biopsy if properly developed and interpreted is a 
great help m malong an early diagnosis In 80 per cent of cases we can, 
by means of aspiration through the perineum, obtain prostatic tissue m 
sufficient quanaty to make a diagnosis 

Transurethral resection of the prostate has been a great advance m 
coping with urinary retention, xvhile irradiation by radium of the 
prostate has developed and become sufficiently accurate to enable one 
to radiate a prostate without excessive pam to the patient External 
irradiation m sufficient quantity to be of any use has only developed in 
the last fexv years 
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It IS not within the scope of this paper to discuss the operauve removal 
of prostaac carcinoma In a few selected cases the perineal operauon 
of Young can be used to cure the disease Successful removal of any 
large number of prostatic carcinomas by operation would seem to be 
out of the question Extension of radiation therapy would seem to offer 
much more 

At present the irradiauon consists of combinmg external irradiation 
with intra-proscaac irradiation by radium This latter is by means of 
removable perineal needles or gold seeds introduced through the cysto- 
scope through the open bladder or various combinations of these 
We might hope with these methods to achieve at least a 15 per 
cent five-year cure 
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PATHOLOGICAL PHYSIOLOGY OF BLADDER NECK 

OBSTRUCTION^ 

W E Lower 

eland Chnic Cleveland 


ACT of micturition is an extremely complicated pro- 
cess which requires the harmonious coordmation of 
both voluntary and involuntary muscles Many factors 
may mterfere with this coordmauon, resultmg m either 
retenaon or mcontmence of urine, and at no time may 
there be any pathological changes in the structures directly concerned m 
the act The influence of environment upon the act of micturition is well 
known It is a common occurrence to observe a patient who is absolutely 
unable to furmsh a specimen of urine in your presence 

The effect upon unnaaon of an inflammatory condition of the pelvis 
which does not directly involve the bladder neck is frequently observed, 
and retention of urme following operauons for hemorrhoids, henna, etc , 
IS a common occurrence Lesions of the spmal cord and even lesions of 
the central nervous system are a common cause of funcuonal disturbance 
of urmation Thus, there is a great variety of condmons which may pro- 
duce a pathological physiology of the bladder neck and mterfere with 
the function of urmation In short, conu oiled bladder neck obstruction 
IS a normal condition which is necessar)'' for the comfort and health of 
the individual It is only when this obstruction is entirely beyond the 
control of the patient that we speak of it as pathological There are many 
local conditions at the bladder neck that may produce obstruction The 
most common, of course, is the prostate gland and it is this phase which I 
desire to discuss, especially the cause of prostatic hypertrophy As the 
prostate gland entirely surrounds the bladder neck, it is easy to see how 
certam changes m this organ could cause partial or even complete reten- 
tion, either mechamcally or by mterfermg with the mechanism of mus- 
cular control at the bladder neck, and I am not too sure but that the 
interference m the muscidature of the bladder neck is more responsible 
than the actual mechamcal block If so-called bemgn prostatic hyper- 
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trophy were part of the process of growing old, then all old men should 
have It but such is not the case On the contrary, only about 40 per cent 
of men past fifty-five are so troubled, and even men much younger mav 
have obstruction due to the prostate 

The theories formerly advanced as to the cause of the change in 
benign prostatic hypertrophy are not tenable and most v riters have ad- 
mitted that the real cause is unlcnown It has long been known that if a 
young male animal be castrated, the prostate and seminal vesicles do not 
develop and if the testes of an adult be removed, the prostate and semmal 
vesicles atrophy These results demonstrated the relationship between 
the testes and the secondary sex organs In recent years, it has become 
increasingly evident that relationships beaveen such organs as the testes 
and the prostate are further complicated by interrelauonships with other 
organs, the pituitary gland in particular It has been our aim to throw 
further light on the question of prostatic hypertrophy by studies of the 
intricate interrelationship which exists among the pituitary, gonads, and 
prostate Some of our experimental investigations m this field are pre- 
sented in this report The chief of our Department of Biochenucal Re- 
search, Dr D R McCullagh, has done the chemical invesngative work, 
and the technical work has been done by Dr and Mrs Eugene Cutuly 
Mr W Kenneth Cuyler has assisted in makmg the assays 

The primary sex glands, the testes, consist essentially of tv o types of 
tissues ( I ) the convoluted tubules, contaimng the reproducave elements 
and Sertoli cells and (2) intertubular elements, among which are found 
the mterstmal cells There is every reason to believe that m mammals the 
interstitial cells of the testes produce one or more substances genetically 
referred to as androgens or male hormones Recent advances in bio- 
chemical research have made possible the synthesis of numerous andro- 
genic substances These substances produce similar, but not necessarily 
identical, biological effects Thus far, testosterone propionate is the most 
potent of all the synthetic male hormones yet prepared, and is one of the 
forms in which it is now used clinically In order to avoid confusion, let 
us assume that the interstitial cells of the tesus produce one male hormone 
and that this hormone is testosterone propionate It is appreciated that this 
assumption may be proved to be incorrect, but even though it should be 
demonstrated that the interstitial cells elaborate a number of male hor- 
mones, the interpretation of our data will not be materially affected 
The function of the secretion of the interstiaal cells, which we are 
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assuming is testosterone propionate, is to cause growth and development 
of the secondary sexual organs and characteristics In mammals these 
include the prostate gland, seminal vesicles, scrotum. Cow pet’s glands, 
penis, V ocal cords, distribution of hair, and others There is no doubt that 
the accessory sexual organs are under the control of the secretion of the 
interstitial cells of the testis Numerous investigations have established the 
fact that castration causes atrophy of the accessory glands and that male 
hormone supplied to castrated animals can prevent or repair such atrophic 
changes In our studies, the accessory sexual organs which have claimed 
the greatest attention are the prostate, semmal vesicles and scrotum 

The secondary sexual organs are not the only structures which under- 
go gross and histological modifications following orchidectomv In the 
rat the pitmtary gland, too, shows definite changes after castration Inves- 
ugators do not concur on all pomts in this respect, but it is generally 
agreed that removal of the testes causes m the anterior lobe of the pitui- 
tary gland of the rat ( i ) the formaaon of vacuolated basophilic cells 
which are known as castrauon cells, and (2) transformation of chromo- 
philic cells into chromophihc cells xvith basophilic granules Divergent 
opinions are held as to the changes which occur in the eosinophilic cells 
The formation of castration cells and the basophilism which occurs in the 
anterior pituitary after testicular ablation in the rat can be prevented or 
corrected by male hormone, such as testosterone propionate 

It may be said, therefore, that male hormone administered to castrated 
rats can, to a large extent, act as a substitute for the interstitial cells of the 
testis 

Castration is followed by certain changes because the mterstinal cells 
are actually removed from the body It is not necessary, how ever, to 
castrate a rat in order to mduce atrophy of the prostate, seminal vesicles, 
scrotum, and other accessory sexual glands Regression of these organs 
occurs just as rapidly foUowmg hypophysectomy as after castration This 
effect IS brought about because activity of the interstitial cells is depend- 
ent upon gonadotropic hormone In the normal ammal, gonadotropic 
hormone is supplied by the anterior lobe of the pituitary gland hen 
this organ is removed, therefore, the interstitial cells of the testes degen- 
erate and cease producing male hormone In hypophysectomized rats the 
interstitial cells of the testes which have undergone atrophy can be 
stimulated to activity by various means Among the methods employed 
for this purpose may be mentioned the use of pituitary implantauons, 
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crude pituitary extracts, purified hypophyseal gonadotropic hoimonc, 
pregnancy urine extracts, and pituitary hormone from parabiotic animals 

One of our mam objectu’es has been to discover how the size of the 
prostate can be inci eased or decreased experimentally Since the prostate 
IS controlled by hormone from the intersutial cells of the testes, and since 
the intersuaal cells are controlled by the anterior lobe of the pituitarj^ 
Me have been interested m devising metliods by Mhich the pituitar)^- 
gonadal relationship might be modified experimentally A method m Inch 
has proved to be veiy useful and which I shall discuss in some detul has 
been that of parabiosis 

Rats to be joined in parabiosis <ire anesthetized m ith ether and hid on 
a table facing one another The skin on the uppermost side of each animal 
IS clipped, and m each a long incision is made through this skin The lateral 
abdominal muscles are thus exposed and a short incision is made through 
these muscles so that the body cavity is 1 nd open The cut edges of the 
muscles of the tu o ammals are then approximated like tv o pairs ot closed 
lips and fixed thus Muth mtenupted sutures of silk "Wound clips are used 
TO bring togethei the skins of the tu o animals Starting three or tour days 
after this operation, a feu skin clips are removed e\ ery day until none 
remain Healing usually requures one to two m eeks in adult nts Betw een 
the animals there is formed a bridge of muscular tissue in m Inch cipillanes 
from the tv o animals anastomose It has been demonstrated that hypo- 
physeal hormone can be made to pass from one animal to the other 
through such a capill iry anastomotic nem ork 

A^'hen tMo normal male rats .ire joined p.irabiotiCviIly no changes 
occui in either animal If one of the anim.ils be castrated, hoM e\ er, the 
secondary sexual organs of the normal tunn become hypertrophied This 
hypertrophy can be exphuned as folIoM's The pituitanes of castrated rats 
are knoM n not only to undergo the gross and histological chinges M'hich 
have been menuoned, but also to become hyperactive as far as gonado- 
tropic hormone is concerned The pitmtary of a castrated piribiont 
releases an excess of gonad-stimulating hormone which passes into the 
normal partner and there sumulates the testes to increase their output of 
male hormone This incre.ise in testis hormone is responsible for the 
hypertroph}- of the accessory sexual organs Evaluation of such results, 
hoMeier, is difficult, for one must take into consideration the fict that 
both parabionts possess pituitaries and that both pituitanes are producing 
gonadotropic hormone This difficullrv' can be obvi ited if the test animal 
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IS hypophysectomized 

Results have been obtained on many pairs of rats of which one mem- 
ber has been a hypophysectomized twin Our usual procedure is to begm 
an experiment with two normal littermates After healing has occurred, 
one of the twins is hypophysectomized In our experience the testes of a 
hypophysectomized parabiont joined with a normal partner almost 
ahvays regress as rapidly as they do in non-parabiotic hypophysectomized 
rats AVhile atrophy of the testes may be slightly retarded, it is never 
prevented 

In order to prevent or correct testicular atrophy m a hypophy- 
sectomized parabiont, it is essential that such a twin be joined with a 
castrated male or female partner Wlien the donor twin is a castrate 
(regardless of sex), the following effects occur m a hypophysectomized 
test animal ( i ) If the test animal is a male, both the tubules and inter- 
stitial cells of the testes are maintained in, or restored to, a completely 
normal condition Such animals are capable of mating with female rats 
and siring normal litters This f act is conclusive evidence that the entire 
genital tract of these animals is functioning in a normal manner (2) If 
the hypophysectomized test animal is a female rat joined \\ ith a castrated 
partner, she will go into a state of continuous vagmal estrus or “heat,” as 
shoMTi by daily smears of cornified cells It has been shown by other 
investigators that such females do not ovulate They may, hon ever, have 
sterile matings 

These reactions in hypophysectomized male or female parabionts 
have proved to be of great diagnostic value In the hypophysectomized 
male test animal, for example, the scrotum, being under the control of the 
interstinal cells of the testes, indicates the degree of interstitial cell acnv- 
ity by the extent of its turgescence and flushing The condition of the 
scrotum, in turn, parallels that of the prostate and seminal vesicles Since 
the interstitial cells form only a small fraction of the testis volume, marked 
increases m testicular size largely reflect growth and development of the 
tubular components Thus it is possible to judge changes ivhich may 
occur in the genital tract from time to time without the necessity of sac- 
rificing the test animal While the situation in the female is not so clear. 
It IS known that changes can be induced, so that the vagina can be caused 
to pass from an active estrous phase into a resting diestrous state 

Summarizing thus far, it may be said that an excess of hypophyseal 
gonadotropic hormone can pass from a castrated male or female rat into 
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a hypophyseccomized test animal The hypophysectomized male para- 
biont responds to this gonadotropic hormone by marked testicular activ- 
ity which is outwardly manifested by mcrease in testis size and by growth 
and vascularizanon of the scrotum When the partner of a castrate is a 
hypophysectomized female, this latter test animal responds to the high 
level of gonadotropic hormone from the castrate by exhibiting continuous 
vagmal estrus 

With various sex hormones now available m pure crystalhne form, it 
was decided to use the parabiotic techmqiie for testing their ability to 
inhibit hypophyseal gonadotropic activity The important pome to be 
determmed was whethei the hyperacuvity of the pituitary in a castrated 
parabiont could be so mhibited as to result in atrophy of the genitalia in 
a hypophysectomized test rat For this reason, various doses of male hor- 
mone (testosterone propionate) and female hormone (estrone) were in- 
jected daily or at intervals of several days into castrated parabionts When 
adequate doses of either male or female hormones w ere so administered, 
It was found that very definite atrophic changes w^ere induced in the 
hypophysectomized test ammals In hypophysectomized males, the testes 
shrank in size and ascended into the abdomen and the scrotum blanched 
and regressed Within a period of a few'- days a hypophysectomized 
female joined with an inhibited castrate failed to show cornified vagmal 
smears and fell into a state of diestrus, characterized by a predominance 
of leukocytes in the smear There wms no doubt that male and female 
hormone w ere able so completely to suppress the gonadotropic hormone 
of castrated parabiotic rats that the gemtal organs of their hypophy- 
sectomized partners underwent the profound atrophy which is charac- 
teristic of unjoined and untreated hypophysectomized rats These 
experiments serve to emphasize the reciprocal pituitary-gonadal rela- 
uonship which must exist in the normal animal for die regulation of size 
and function of the accessory sexual organs in male and female animals 

The correlations of the various hormones in the body is still far from 
being clarified The close relauonship of the thyroid and the suprarenal 
gland IS well known and the exact way in w'hich the glands of internal 
secrenon are associated with the pituitary is yet to be solved That 
progress is being made is evident to anyone w’ho keeps abreast of the 
massive literature on this subject Just how long it wdl take to solve this 
problem will depend upon the accurate work of the various research 
groups now applying themselves along this Ime 
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THE MEANING OF MEDICAL RESEARCH^ 
Alfred E Cohx 

Member ot the Rockefeller Institute tor Medical Re carch Ne« kork 


may expect from me a description of discoveries, 
dramatic and exciting perhaps, of new diseases or of the 
mechamsms underlying diseases already identified, of new 
drugs which cure, like sulphandamide, or of new opera- 
tions which relieve or prevent devastating conditions I 
could enliven this report by such narrauves, as for example the great new 
insights which have resulted from studying the pituitary gland senously 
The invesuganon of this organ by Cushing who gave the forward move- 
ment a great impetus and by many other very capable and mgemous 
m\ esugators, has resulted in the description of new ailments, has given 
point to the attempt to understand the mterrelations of fluids and tissues 
and organs, in ways and to extents not dreamed of ten years ago, has made 
ak ailable agents of real power in adjustmg defaulting or errmg mechan- 
isms Or in a sense less pathological and more physiological, describe how 
great has been the increase in knowledge of the behavior of such impor- 
tant tissues as muscle and nerve To speak of any one adequately would 
cost all my tune There are other ample provisions, however, for 
spreadmg that sort of information My task is both simpler and more 
comphcated I am to speak of what research in medicine “means”, what 
its nature is and what its purposes And I take that to include an inquux'' 
into Its position in the complicated matrcx of our social structure 

The ultimate meaning or purpose of medical research is to rid men 
of diseases, to protect them from maladies ivith which they are threatened, 
to relieve them of discomforts once they are established There are many 
diseases, differmg in the degree of dangerousness, differing in nature, 
differing in geographic distribution There are pathological states to the 
existence of which we are sensitive— others which, for various reasons, 
\ve Ignore Then there is the character of education, hai mg its sources 
3nd momentum in the contemporary scene, which makes men fit to under- 
take chiefly what is comprehensible m that scene Researches are delayed 

‘Delucred Vovember 24 1937, in the 1937 3S Senes Lectures to the Lajt} 
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because points of importance are rrussed, scholars being unprepared to 
comprehend them and to seize their opportunities Researches are some- 
times hurried, wasteful, and erroneous, because the idea is entertained 
that current eqmpment is adequate to deal with particular problems 
The question of public versus private scholarship is important— less 
important now when the whole situation of research is better understood, 
and when private scholarship is recognized as being less private than 
formerly Private refers both to financial resources sufficient to free 
scholars from the restrictions imposed upon the use of pubhc funds, and 
to intellectual lantude which makes room for personal vagary, for 
unorthodoxy, which may not be tolerated even m an academic environ- 
ment But greater in importance than either, because essenaal, is the 
pervasiveness of current belief and opinion, current social need, the 
implicanons m the current social scene, which tend to influence or 
perhaps better which do not permit us to escape current intellectual 
compulsions These are aspects of the intellectual life of which Hessen 
and his followers have made us aware ^ 

The meaning of medical research must regard these various social 
and personal aspects It must regard also the nexus which exists between 
medical and other sciences It must make an effort to understand like- 
nesses and differences which characterize medicine in relaaon to those 
other sciences It must analyze the situations, diseases and social pressures, 
to which energy is devoted and must describe the means, m men and 
facilities, which are available for carrying them out 

I propose to speak first of 'ivhat we study, second of hoiv we study 
It, third, of who does the studying, and finally in the course of this 
discussion fo7 what 1 eason does the study take place 

?»■ *- » 

When these far reachmg issues and conceptions are being canvassed 
there must first be described certain situations which the world of 

1 It %\ould be interesting and iniportint to stud^ the n iture of social pressure, using 
this term in its widest sense, in the proiince of diseases It is a point of new not strange 
to historians and students of social phenomena, but one not \et much eniploied in medical 
thinking The illustrations in this essay haie been drawn cliiefly from conimunicable 
diseases and from a few’ other maladies dilFerentlv grouped But tlie relations exhibited 
by the de\elopment of knowledge of nutrition, or of understanding chenucal processes on 
which nutrition depends, of agricultural growth, of social change m which the demands on 
the food supply of the less favored recene more sianpathetic recognition — all these are 
matters which lie for analysis at the door of the critic Here, as elsewhere, these and 
other factors require stud-v in i complete account ot the processes at w ork in a conuinimtv 
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diseases presents to investigators It has already been suggested that these 
vary with time and place We do not study those diseases which do not 
e\ist-or which exist elsewhere, or which exist no longer The impulse 
to study a given disease or a given hygienic circumstance results from 
the danger or the damage tvhich its presence causes Epidemics of diseases 
like the black death or of poliomyelitis, or of influenza, or of cholera 
can scarcely or safely be ignored But not many of the resources of this 
community are devoted to yellow fever or kala-azar, or African sleeping 
sickness If these diseases were, by their maritime introduction, to threaten 
the local population, a study of them would be inescapable They are 
studied though for several reasons, a general philanthropic motive, 
because, as in the opinion of Doctor Albert Schweitzer, restitution should 
be made by a people for the injury done another, because, to study them 
IS imperative to preserve health along international trade routes Pressure 
of some sort is usually experienced or is exercised when a study is 
undertaken 

Of the diseases avhich we do study, there are several kinds It is of 
very great importance to understand that diseases cannot, all of them, 
be regarded as forming a system They can be grouped, as indeed they 
are, to form several systems The various systems have, superficially at 
least, little in common except that they transform the individuals whom 
they afilict - Each group, on the other hand, exhibits traits which leave 
none or little doubt as to the relatedness of the members 

The center of gravity of interest m diseases has long, roughly for 
nvo generations, lam in infections and epidemic diseases To understand 
them and to cure them, the sciences which needed to be and which were 
and are actively cultivated are bacteriology and parasitolog\^— these two 
in some respects similar More recently diseases resulting from viruses, 
agents of far smaller dimensions than bacteria, have been added to the 
list These diseases all depend on the invasion of animal and plant organ- 
isms by these agents Parallel with bacteriology and parasitologVi sciences 
roughly grouped as immunological have been developed, in which there 
have been studied the reactions, that is to say, the behavior of the hosts, 
plants and animals, which the infectious agents invade Studies of immu- 
nity have gone farther though than the study of indn idual bests w hen 

2 A disease is not an “entity” — it is a transformed organism The organism is con- 
ditioned for exhibiting disease by processes which dispose it to this exhibition The 
preparation may be constitutional or psychological or loe il — but the transformed orginisiu 
IS transformed, not soleh by what is called an invader 
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because points of importance are missed, scholars being unprepared to 
comprehend them and to seize their opportunities Researches are some- 
times hurried, wasteful, and erroneous, because the idea is entertained 
that current equipment is adequate to deal with particular problems 
The question of public versus private scholarship is important— less 
important now when the whole situation of research is better understood, 
and when private scholarship is recognized as being less private than 
formerly Private refers both to financial resources sufficient to free 
scholars from the restrictions imposed upon the use of public funds, and 
to intellectual latitude which makes room for personal vagary, for 
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pervasiveness of current belief and opinion, current social need, the 
implications m the current social scene, which tend to influence or 
perhaps better which do nor permit us to escape current intellectual 
compulsions These are aspects of the intellectual life of which Hessen 
and his followers have made us aware ^ 

The meaning of medical research must regard these various social 
and personal aspects It must regard also the nexus which exists between 
medical and other sciences It must make an effort to understand like- 
nesses and differences which characterize medicine m relaaon to those 
other sciences It must analyze the situations, diseases and social pressures, 
to which energy is devoted and must describe the means, in men and 
facilities, which are available for carrying them out 

I propose to speak first of 'w/jat we study, second of /ww we study 
It, third, of does the studying, and finally in the course of this 
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When these far reachmg issues and conceptions are being canvassed 
there must first be described certain situations which the world of 

1 It \\ oulcl be interesting and important to stud\ tiie nature of social pressure, using 
this term in its widest sense, in the province of diseases It is a point of view not strange 
to Iiistorians md students of social phenomena, but one not jet much emploved in medical 
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bv the de\ elopment of know ledge of nutrition, or of understanding chemical processes on 
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matters which he for analysis at the door of the critic Here, as elsewhere, tliese and 
other factors require studj in i complete account ot the processes at work in a community 
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diseases presents to investigators It has already been suggested that these 
vary with time and place We do not study those diseases which do not 
e\ist-or Avhich exist elsew^here, or which exist no longer The impulse 
to study a given disease or a given hygienic circumstance results from 
the danger or the damage xvhich us presence causes Epidemics of diseases 
hke the bhek death or of poliomyelitis, or of influenza, or ot cholera 
can scarcely or safely be ignored But not many of the resources of this 
community are devoted to yellow fever or kala-azar, or African sleeping 
sickness If these diseases were, by their maritime introduction, to threaten 
the local populauon, a study of them would be inescapable They are 
studied though for several reasons, a general philanthropic motive, 
because, as in the opinion of Doctor Albert Schweitzer, restitution should 
be made by a people for the injury done another, because, to study them 
is imperative to presen'^e health along international trade routes Pressure 
of some sort is usually experienced or is exercised when a study is 
undertaken 

Of the diseases which we do study, there are several kinds It is of 
very great importance to understand that diseases cannot, all of them, 
be regarded as forming a system They can be grouped, as indeed they 
are, to form several systems The various systems ha\ e, superficially at 
least, little in common except that they transform the individuals whom 
they afflict ' Each group, on the other hand, exhibits traits which leave 
none or little doubt as to the relatedness of the members 

The center of gravity of interest in diseases has long, roughly for 
nvo generations, lain in infections and epidemic diseases To understand 
them and to cure them, the sciences which needed to be and which were 
and are actively cultivated are bacteriology and parasitologv'— these two 
in some respects similar iMore recently diseases resulting from viruses, 
agents of far smaller dimensions than bacteria, ha\ e been added to the 
list These diseases all depend on the invasion of animal and plant organ- 
isms by these agents Parallel vs ith bacteriolog)’’ and parasitology, sciences 
roughly grouped as immunological have been developed, in vv hich there 
have been studied the reactions, that is to say, the behavior of the hosts, 
plants and animals, vvfflich the infectious agents invide Studies of immu- 
nity ha\ e gone farther though than the study of indiv idual hosts w hen 

-A disease is not an “entitj” — it is i transformed orginisni The organi-'iii is con- 
ditioned for exhibiting disease b\ processes -Bhicb dispose it to this exhibition the 
preparation ma\ be constitutional or psjchological or loc il — but the tr insforined org inisiii 
■s transformed, not soleh bv uhat is called an invader 
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under attack A science of epidemiology has grow alongside the other 
sciences m order to study the condmons in which socienes of men, 
animals and plants chance to become prepared for invasion by infecting 
agents These include external factors— climate, race, season, sunlight, 
and mternal factors, the blood, the plasma, certam organs and tissues, 
heredity To cope with these mvasions, elforts in various directions have 
sedulously been made— w ith sera, which utilize the forces animal bodies 
themselves prepare for their protection, with chenucals, like salvarsan, 
like optochin, like arsphenamme, sulphamlamide— all synthetized with 
the utmost chemical skill, with natural pharmacal agents, chaulmoogra 
oil, quimne, salicylates These are, in a sense, beginmngs, the success of 
which points to the fact that the way of thinking about such problems 
as they represent, is sound and therefore encouraging iMuch more may 
be expected from such efforts Indeed, not more than auspicious begin- 
nings have been made 

A point of importance, later to be referred to, is that the successes, 
still in many instances not more than partial, have been attamed by 
delving below the surface of naturally existmg phenomena, of appear- 
ances, to learn on what these diseases depend The rewarding results 
have been that bacteria have been found, and protozoa and viruses With 
this kind of knowledge as a background, substances of many sorts were 
and are being sought, to oppose the action of the invaders Here are the 
rudiments, I may mention in passing, of analytical procedures They 
represent something new in the study of diseases Compared to the amount 
of energy which has been expended, the success so far achieved has, 
quite obviously, been extraordinary 

Infectious or contagious or epidemic diseases have often been char- 
acterized as acute Acute means two thms[s— that individuals are seized 
suddenly with disability, a matter of hours or mmutes, and also that 
their duration is usually brief— though there are numerous excepuons, 
as tuberculosis, syphihs, and leprosy 

But there are long drawn out ailments, often called chromic, which 
fall into two great groups Certain ones occur at all ages, like permcious 
anemia or diabetes mellitus But there are others which befall older 
persons exclusively I designate these, “ailments” and not diseases, nor 
yet degenerative— two words often applied to them which I prefer not 
to use, for reasons which I hope later to develop 

To distinguish diseases merely according to their duration is a crude 
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conception But to do so has a use, for the time being Chrome has usually 
been intended to signify long drawn out Roughly, chrome and long 
draM n out mean the same thing From the point of view of panents and 
their families, duration is important, and from that of admimstrators 
concerned with the public health the distinction is essential Actually 
what is involved is the rate at which the processes in different maladies 
advance Chronic diseases or long drawn out maladies include a wide 
range of complaints Their duration is to be estimated, naturally, from 
tlieir begmning to their termmation, uninfluenced, when such examples 
are available, by treatment The group is diverse— there are, for example, 
the diseases of the blood forming organs-permcious anemia, leukemia, 
thrombocytopenia, there is cancer, there is tuberculosis, there are the 
deformities of the joints, there are cardiac and arterial derangements, 
there are the defects which result from insufficience or malfunction of 
the glands of internal secretion— the hormones m short, there are diseases 
of the nervous system It has been customary to divide diseases into three, 
or perhaps better avo, main groups as I am doing, bacteriological and 
physiological both, but the latter especially employmg physical and 
chemical techniques Chronic diseases fall into each of them These 
categories require in certain instances to be stretched fairly wide, m order 
to include all the varieties But they will serve for this discussion, 
especially if in studying bacterial diseases, the behavior of the host, 
immunology, is included, and if in the physiological ones, anatomical 
defects and malformations 

It IS sufficient, I think, to suggest that medicine deals with many 
kinds of conditions and that they fall roughly into the categories that 
have been indicated Of chief moment is that the classificauon, though 
rough, suffices to indicate that well characterized groups can be recog- 
nized and that, through this possibility, study is facilitated, perhaps 
made possible 

Now It is generally understood and indeed it must be ob\ lous that 
when a malady or any other natural phenomenon begins to be anilyzed 
(analysis bemg the method essential to experimental research) v^ery soon 
a level of organization is reached, less complex than the nativ e state of a 
whole plant or animal, the study of which requires recourse to a chemical 
laboratory This is due to the fact that biological mechanisms, v\ hen the 
attempt is made to view them more simply, break down promptly to 
chemical processes In physiological diseases, especially those of the heart 
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and arteries, in parallel fashion, a stage is reached when mechanical and 
physical appliances are needed to help in understanding what is going on 
To turn to chemistry, to mechanics, to physics, is to turn not so much 
to fundamental thmgs as to machinery which underlies and which detet- 
mmes more complex, directly obsen’^able behaviors These disciplines- 
physics, chemistry, immunolog}'"— consntute the techniques which are 
used to analyze, to reduce to simpler, more easily understandable mech- 
anisms, the surface appearance of maladies The fact that this is the 
situation in research m diseases constitutes a dilemma To this problem 
It will be necessary to return 

I have referred to t'wo kinds of chi onto diseases— one which can occur 
at any age and one which is characteristic of the aged Those diseases 
characteristic of the aged require especial description because, though 
they are not nev'-, they are beginning to take on new significance We 
grow older, all of us As is well known, in the course of domg so n e fall 
subject predominantly to several distinct kinds of disabilities I pass over 
cancer, its nature and its ravages are in every one’s mmd But what 
happens to the heart, the arteries and the kidneys, has been less clearly 
appreciated I do not wish to discuss all the possibihnes, all the theories 
One theory ought I think to be more fully described In the sense that 
everybody ages, aging has come to be looked upon as a natural phenome- 
non-natural as differing from accident or from chance Since every one 
ages, aging is anticipated and the separate phenomena of agmg are looked 
upon as predictable This has been a subject of very acuve research in 
recent years And the objeenves m such researches have been twofold, 
first, to ascertain as precisely as possible a picture of what actually takes 
place and second, to discover what mechamsms are at work to brmg 
about such results I single out the arteries for more detailed description 
That the arteries change is now universally know n, especially the great 
artery of the body, the aorta AVhat is less w'^ell knowm is that the snuiUer 
ones do also Arteries w'^hich have come in for marked attenaon in recent 
years are those of the heart— the coronary arteries The w'^alls of arteries 
may be thought of as having layers or coats In the coronary arteries, for 
example, the first detectable changes take place in the innermost layer. 
Its elasuc membrane splits m two and does so rather early m life— m the 
tw^enties From then on, more and more changes take place At fifty or 
SLxty these changes are advanced and have been termed arteriosclerosis 
To one familiar with the succession of these appearances, it is possible to 
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tell their age, within a few years Being able to do this is good evidence 
that there is nothing haphazard about the process How are these system- 
atic changes brought about? And how, assuming that they develop sys- 
tematically, can they be prevented or delayed? To answer these questions, 
guesses have been ventured since very early times and to explain them, 
serious, far-reaching researches have been undertaken But so far there 
are no ansAvers, satisfactory to many scientists Meanwhile the quest goes 
on, with intensifying earnestness The problem, as I shall show presently, 
IS urgent What is true of the arteries of the heart is true of those of the 
brain About other organs less is known Progressive alterauons, appro- 
pnate to each organ and tissue, go on throughout the body— beside the 
heart muscle, in the kidneys, in the liver— everywhere in short 

But changes in structure do not alone exhibit progressive alteration 
Comparable ones can be observed also in the functioning of the body 
The slow and gradual rise with age which the blood pressures exhibit 
are well known Another striking one has recently been found in the 
nutntion of the body Here, it appears that ptyalin, the starch-splitting 
ferment of the saliva, decreases betxveen twenty-five and eighty-one 
(these are averages) to one thirty-fourth, necessitating, it seems probable, 
a very striking readjustment in digestion and food requirements m the 
aged More intimate still are changes in behavior of the muscle fibers of 
the heart It has been shown in dogs, for example, that as the animals 
grow older, the ability of this tissue to utilize oxygen dimimshes signifi- 
cantly Finally, as in changes in structure and in function, so also, it 
appears can changes in psychological performance be detected Interest 
in this phase of growth has begun more recently, so that it would be 
rash to accept the results of preliminary studies There can be little doubt 
though that this is a fruitful field for further investigation ^ 

Many regard it as an idle question, but it is one xvhich should be put 
nevertheless— are processes so universal as are those identined xvirh agmg 
to be classed with diseases? Diseases are not constant, they wax and wane, 
new ones occur, old ones vanish, they are unlocked for, they are recov- 
ered from Of the changes which accompany aging, none of these 

2 This reference to psychological matters is bnet heciube I am depending on other 
phases of this problem for lUustration But the place in human nature and in diseases 
which psychological deviations occupv can scarceh be o^ e"-eniphasi/ed I am at one ■with 
those who wish to understand organisms as wholes and to return from the v.ik»emess 
into which the requirements of thought in the Se\ cn^eentli Centun natiirilh led us 
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characteristics can be predicated It seems better to weigh the question 
of the nature of this process of aging a while longer, before coming to 
a decision on its nature Tm’^o ays of thmkmg are possible— that aginw 
IS an accident which can be prevented, or that it is not an accident and 
that, as the body increases in bulk and by so doing is said to grow, 
parallel changes are takmg place within the body, in its most intimate 
recesses, Avhich accompany that growth, and hich themselves may be 
regarded as taking part in and perhaps constituting the phenomena of 
growth In this sense the body grows continuously, changes, called 
differentiation, taking place in all its parts, the form of change passing 
from stage to stage wnthout break until the final dissolution This \ lev 
urges that there is onl)^ one forw ard movmg change— not, first growth 
and then degenerauon, but continuous progressive differenuation And 
growth so understood is not an accident, it is not degeneration— and it 
IS not disease 

These old ailments present a new challenge To care for them is 
becoming a great burden, financially Can anything be done to rehe^ e 
the strain^ Medical research, not yet very consciously, is strugglmg with 
the quesuon It has no settled answ^er When such quesnons were first 
raised fifteen years ago, w’-e w^ere not yet ready to w^eigh them Now the 
response may become, is indeed becoming, more mtelligent The old 
hospitals built for mfecnous diseases will no longer serve In part they 
are improperly constructed for these purposes And from the point of 
view of research, the new situation calls for new orientauon It is still 
inescapable that research in infectious diseases conunue here and else- 
where Here because there is still tuberculosis, syphilis, polioniyelms and 
other infecaons of the nenmus system, rheumauc fever and influenza, 
elsewhere, in the tropics, because of diseases mdigenous there, but perhaps 
transplantable here But smce the dawn of that era in wdnch w e have 
spent our lives, the emphasis has been almost exclusively on diseases of 
this kind It would be mcorrect to say that diseases longer drawTi out 
at older ages had been neglected— cancer for example or cardiac diseases 
But It IS certain that in comparison with infectious diseases, they have 
been much less cared for and studied The great desideritum now% is to 
turn increasing attention to these conditions If they w'^ere better under- 
stood, It might become possible to manage them better If they were 
better treated, expensive care in homes and m institutions might be 
less necessary, if they were less expensively treated, the burden of taxation 
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might diminish The net result Mould accrue vastly to the sufferers 
rhemselves-in increased health, in greater freedom spent outside of 
instituaons, in greater economic self-sufficiency Psychologically, the 
lives of older men and women might be re-made if we learned how to 
make them self-sufficient to a degree impossible now, through a new 
orientation to employment, utilizing opportunities for activirv appro- 
priate to the aged Embedded in the matrix of our society, no better 
fate IS provided for them or envisaged than progressive deterioration 
^ ^ ^ ^ 

1 have been speaking of what m e study I come now to speak of how 
M e do so After long reflection and practical experience there has come 
to be general comprehension of the purposes and methods of the sciences 
in general By the same token, a similar statement can be made of medical 
science But in some subtle tvay, there is tacit agreement that the two are 
in essence somehow different Whether they are, depends I thmk upon 
the aspect from which this judgment is made Tltey do not differ, there 
n ould be general agreement, in attitude to natural phenomena, nor do 
they differ in the seriousness m ith which the problems of diseases are 
studied, nor do they differ in the methods which both, or all, use To 
recognize and to pomt out differences is not invidious, no more is 
intended than to understand a complicated situation 

Two suggest themselves— first, one having to do tvith the nature of 
the subject matter— and second, one having to do m ith the circumstances 
conditiomngf the activities of students of diseases The former difference, 
in subject matter, has, I venture to believe, a certain validity*, the second, 
I think, nor To begin tvith, though it is not my intention to become 
involved merely in words, it is m ell to make clear the meaning I ascribe 
to certam terms 

Science, very briefly, is a w ay of lookmg at nature, in so far as that 
is possible, exactly Two aspects are im oh ed— the natural phenomena 
themselves, and a way of lookmg 

Research is procedure Research represents the effort men make to 

^ It IS perhaps a superficial experience but one to uhicii large numbers of persons 
are sensitue, that in a \er\ general sense, diseases are ugh, repellant, offensne These 
3re not qualities which characterize phenomena studied in other sciences Ihe reverse 
niM and often is true It is of course a fact that to mam men, perhaps especialls to 
Phisicians, this aspect of diseases is without meining It mai be that to them the sen 
fact of ugliness has the value of attractn eness Nor need this be regarded as odd The 
last Word on the subject of ugliness has not been uttered in sight, sound, or form 
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increase their comprehension To discoter what is true about anything 
IS an arduous undertaking because, at the outset, so many things seem 
possibly correct That is n hy research is an adventure 

The ob)ect of the n hole enterprise is to describe nature ^ At fost 
It seems w ise, at all events it seems to hat e been universally customarv^, to 
describe natural phenomena so as to group them That makes description 
easier because there result fewer descriptions Classificaoon is what this 
phase of the undertaking is called Sometimes, especially m our day, there 
lurks unfortunately, something invidious in the remark that an investi- 
gator IS merely “describing” Descripaons must naturally be exact 
Exactness can in fact be exhibited, purely and deliberately, without 
quantitaave expression, in descriptions of things as they occur in nature, 
rough and in the u hole hlen who have carried on this phase of natural 
enquiry have been knowm as naturalists or, at a stage more organized, 
more complicated, systematists Hippocrates, Pliny, Linnaeus, Sydenhim, 
Darwin, Lyell, Audubon, AVheeler, form such x group Them very 
names are proof that nothing derogatory attaches to their interests or 
their methods Without labors like theirs, there can be no natural science 
Without them xve should be talking of phoenuxes, unicorns and other 
mythological animals It is an evidence of the literalness of the culture 
of the Greeks that, unlike Egypaans or Orientals, they entered litde into 
nature faking The objects of concern to scientists have been natural 
objects Later— and later may be taken to ha\ e a chronological meaning, 
though It max’’ have also a logical one— x\ hen the experunentd era began 
m Its modern form, reliance came to be placed, not bx* anx'^ means exclu- 
sively but accompanied by a certain glamor which obscured the relations 
among methods, on the experimental method A powerful agent for 
extending knowledge became available The experimental method in- 
volves the conception that comprehension of a thing, of a phenomenon, 
can be furthered poxierfully by dissecting it, bx’’ pulling it apart, by 
measuring and by xx eighing and by counting ** I need not dwell on, what 

5 There are those to «honi iction appears i more impressive mil conipelhnfir motive 
than description Ihe object of the enterprise would then be to iccomplish an end 'Uie 
difference mav' be essential but it maj ilso be i ditFerente in emphasis If astronomv 
began in the interests of action, it has remained a means to satisfv? mere curiositv , or — 
IS it perhaps to return to its origin il function® 

It needs scarceh to be pointed out that what is cilled svnthesis, as in tlie prepara- 
tion of chemical substances, thes for e\ miple, or iroraatic compounds, or in inetiUurgV 
when new allovs ire unde or m technic il procedures or advances in general, is an 
extension mereh of the analvtical process 


The Memimg of Medical Reseaich 


^75 

IS universally known, the extraordinary and unbelievable success of the 
method By it Galilei, Harvey, Newton, Young, Lavoisier, their modem 
equally great successors and an enormous host of followers have enriched 
modern thought, modern knowledge and modern life 

When the experimental era began in its modern form, the temptauon 
was great to believe that, once the parts were known, the whole would 
be comprehended It was another way of thinking that the whole is 
equal to the sum of the parts But doubt began to assail thmkers that 
matters were not so simple It was the same situation that confronted 
the King’s horses and the King’s men when they tried, after his great 
fall, to put Humpcy Dumpty together again The attempt did not work 
Because it did not and because in a very widespread manner there is 
current conviction that it cannot, the idea has been pur forward by S 
Alexander, Lloyd Morgan, A N W'hitehead and General Smuts that, 
in putting things together again after they have been taken apart, some- 
thing new becomes ingredient, something not in the constituent elements 
It IS, to use a crude example, as if 2 + 2 did not quite equal 4— that to 
attain 4, somethmg not in the synthesizer’s hands or mind, entered into 
the new composition The doctrine that something new occurs has come 
to be known as emergent evolution In speaking of analysis and research, 
It IS unnecessary to lay undue emphasis on the imperfections of the 
analytical process, but it is desirable to be alive to their existence so as 
to avoid the disappointments vv'hich otherwise aie almost inescapable 
There have in point of fact been a goodly number Leaving aside the 
emergence of new qualiues, a phase after all of synthesis, the delays which 
have taken place in the cures of mfectious diseases, like tuberculosis, 
like typhoid fever, like poliomyelitis, after the discov erv and identifica- 
tion of the agents that help to occasion them, are know n to ev erybody 
The whole adventure, classification and analysis, is science I said it 
had two aspects, the natural phenomena themselves and a w ay of looking 
Of the way of looking, there has just been discussion Of the natural 
phenomena, there is something to say concerning a significant difference 
between medical and other natural sciences, the difference to which I 
wished to direct attention and w^hich I u ish brieflv to w^eigh It is the 
enduring interest that attaches to other natural sciences in contrast wnth 
the medical ones Consider such mterests as the origin of species, the 
origin of astronomical systems, matter, hear, electncirvs the lormation 
of the earth, light, heredity These are concerns as bttle influenced as 
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may be by ume and place There was never a time when they did not 
engage serious intellectual atcenaon, they do so now, there is good reason 
to believe they will continue to do so These phenomena awoke and 
continue to awake enduring interests because they are enduring objects 

Turn next to the situation in the study of diseases I have been dwell- 
ing on enduringness in interest in the objects of natural science because 
the objects studied in these sciences are themselves enduring Now dis- 
eases, whether of plants or of animals, no matter what their nature, are 
statistically something extra ^ They are occurrences which, in subde or 
coarse ways, change the usual behavior of livmg thmgs The organisms 
are said to suffer— hence the use of the word, in the British sense, 
pathology Beside being something extra, their becommg established m 
a society is not permanent They change with ame, they change with 
locality The sweating sickness is gone How long poliomyelitis may- 
have existed is not known Diseases devastaang in the tropics do not 
exist in the temperate zones In other cases, like rheumatic fever, the 
reverse may be true Diseases may continue to turn out to be transient 
sojourners By paying a necessary price, there are diseases of which we 
can rid ourselves— syphilis for example, perhaps scarlet fever, no doubt 
a number of others Diseases, furthermore, have no independent exist- 
ence, they are recognized when they have transformed the nature of 
their hosts, plant or animal, temporarily or permanently 

If, as I have been surmising, enduringness is a characteristic of things 
which have become constituted objects of study in natural sciences, it 
seems apparent that diseases do not partake of that quahty That is 
clearly the case in infecaous diseases Nor in all probabilit}'- do chemical 
diseases, of Avhich the deficiency states are examples, pellagra, pernicious 
anemia, rickets, and scurvy Another group of diseases of great impor- 
tance may be designated physiological Physiology may be termed the 
study of the living behavior of an organism, as different from its mere 
structure In the study of diseases, the physiology of an animal has 
importance because it occupies a place like the study of metallurgy in 
the mechanism of a steam engine But a disease is not merely quantitauvely 
changed physiology A disease is something over and abo\ e and therefore 

7 E\tra — not anticipated in a state of ‘ health” I do not mean that process ‘a” is 
joined to organism “b” and that a + b constitute a disease In this sense a would be 
■what has been called an entitj — an “ens” That is tar from mv meaning “E\tra" describes 
the whole organism, exhibiting phenomena, not counted as occurring in health Health 
itself IS a statistical conception 
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different from this The place of physiology m this scheme must not be 
confused Physiology undertakes the analysis of something, animal or 
plant, reasonably long enduring in a species or a genus-the circulation, 
reproduction, digestion These are mechanisms which are neither tem— 
ponry nor locil There are of course physiological derangements which 
are usually called diseases, eclampsia being an example or perhaps a 
certain variety of arterial hypertension, or fibrillation of the auricles of 
the heart, or psychogenic hyperthyroidism And a special case is that of 
senescence— the aging through M'hich we all pass My case as to endurmg- 
ness IS naturally not as clear-cut in respect to physiological occurrences 
as the disunction I have drawn suggests Evolution and the disappearance 
of species and genera see to that But there is enough of background for 
this distincuon to occasion the social consequence in which can be 
perceived, implications of great importance to the position the study 
of medicine occupies * 

I wish now to examine the use of another word The word 
“empiricisnC' provides an opportunity for examimng cerram ideas and 
procedures commonly employed in natural science VvTien a certain 
amount of animadversion is intended in the use of the word, the adjective 
“crude” is prefixed This phrase “crude empiricism” has been used 
especially with reference to the study of diseases, the assumpuon being 
that the study of diseases is something apart, in fact, from other studies 
of natural phenomena— something perhaps a little backward On more 
careful reflection it becomes clear that “crude empiricism” is a phrase 
umversally applicable to a level of discovery at w'hich, what is called 
“thinking” has not been much employed or cannot be, either m the 
existing state of knowledge or by the individuals who indulge in that 
occupation J'Jow, when what is called “ciude empiricism is exhibited, 

8 riiere is i point of \iew from Clinch contributions to ^enei il bi o\sleilj:e re-iilt , oiii 
the stucU of ephemeral phenomena or from atquiintinre with tr nsient experience 
Contributions so dernecl can, no doubt, exert sijnificmt influence iii developing insights, 
conceptions and procedures which come much later to fruition Bioad intellectual treams 
can originate in obscure rills But there remains nevertheless a value vchich endur ngness, 
IS a method of charactenration, can be made to possess Even so as a characteristic, it 
IS unnecessarv to assume that it has more than relative value V ere nseases depen ent 
on a relation to bacteria wholh to disappear, bacteriologv, tor exaiinde 1 a ing leccivec 
its^reat stimulus from this assocution, mav be expected to rera nn an iiipoitant in eres 
nevertheless, because ot the glow mg pi ice it is coming to net ipv in agricu ture 
cisew Iiere 
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the subject matter under investigation is relaavely in a raw native state 
and the means which are used to analyze that subject matter are not, m 
comparison with what is possible elsewhere, or in some other discipline, 
of a sort to be called refined An example in medicine is the use of quinine 
m malaria, before an msight into the nature of malaria or the composition 
of qumine was obtamed Syphilis and mercury is another example, or 
dropsy and digitahs In physical science, telephony and the nature of 
electricity, though a very rough analogue, may serve as example The 
form m which I have stated this situaaon suggests its meaning IVhen 
something is done or some interference with a system is undertaken, as 
m the examples just given, it is in the natural organized state of the 
material, the crude, naave state, in which the operaaon is performed 
There exists no guide, furthermore, to suggest what form the operation 
should take If malaria is not known to be protozoal in origin, or if it is 
unknown that the mfecting agent is susceptible to qumine, but a thera- 
peutic attempt is made, none-the-less— that attempt is empirical and may 
be termed crude That it should be so is in the nature of things If the 
object IS to understand— anythmg whatever, a beginmng must be (or is) 
made Once a beginmng is made, successive efforts at understanding, if 
on the road to success, become less and less “crude ” In the case of 
matter, electricity, energy, methods of analysis have now become so 
refined that it is evident how long a distance has been travelled from 
rubbing cat’s fur on amber (electron) The more we analyze, the further 
investigaaon becomes removed from crudity Because analysis has taken 
place in successive simple stages, because, covering the heart of a phe- 
nomenon, there are layers of impenetrability, like the layers of petals 
covermg the heart of an artichoke, iSherrmgton was moved to say, 
because that is the way an experimenter must look at the world, behind 
each mechamsm is hidden another mechanism Obviously the metaphor 
of the artichoke is imperfect— there is a last layer of leaves, small and 
apparently confused in arrangement, and then the heart But m the 
phenomena to which scientists devote themselves, who knows when the 
last petal has been plucked and the heart of a natural process uncovered^ 
There is a chance here (and the man who knows how to take it is the 
• arast m science) that for a?i object, it is unnecessary— no, destrucnve m 
fact, to go further than a certam pomt— the pomt bemg the emergent 
level for which search was bemg made Protection agamst pneumoma 
wiU not, by way of illustration, be solved at the atomic level If the 
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appropriate level is passed, the nature of the thing sought may elude 
one’s grasp Hawthorne’s story of the birthmark and beauty tells the 
stor\’- of the devastation wrought by a perfectionist 

Whether knowledge is empirical depends often on the standpoint of 
the critic A molecule, a protein molecule, may seem very refined m 
comparison with a m m, but to an electron it looks enormously complex 
The whole business is relative 

The point about empiricism and crudeness requires no further labor- 
ing It must be apparent that at the beginning nothing else than crudeness 
IS possible Later on more insight may have been gained, but the term 
still be applicable Were the case of causation simple, as it is not, it would 
be possible to prescribe how a situation must be analyzed and possible 
to prophesy the results There is little confidence nowadays that that 
cm be the situation anywhere Further understanding depends therefore 
on trial and error in the choice of analytical techniques Smce that is 
inescapable all scientific analysis is crude and all knowledge empirical 
The only point of view from which empirical knowledge is less crude 
depends on the amount of relevant research that has been made Much 
more has become known about malaria and syphilis, about quinine and 
mercury, about dropsy and digitalis, about energy and electrons But 
to him who confronts a choice of the next step, the situation contains 
elements of crudity which he recognizes as not far removed from that 
of that predecessor of his, who took the adventurous first step So long 
as there are further steps there is adventure and so long as there is adven- 
ture there is crudity Otherwise research would be a commonplace 
procession along the avenues of the known The Lindberghs would be 
the last to underestimate the Nungessers 

He who tells us we must halt a research until analysis has proceeded 
further must be certain of a number of matters around \\ Inch this dis- 
cussion has taken place He must know that further analysis of a complex 
situation IS rewarding A chemist preparing therapeutic agents will 
appreciate this pomt Suppose it were optochin he had prepared and ’vere 
told that too frequently giving his preparation caused blindness Against 
pneumococci his agent worked admirably— that was his original objective 
To perfect his agent and to safeguard it against unexpected, unfortunate 
consequences, what must he do^ Must he search for other substances, 
similar in structure, must he try another group of agents, or must he, 
hy analyzing optochin further, hope to discover what is offending in 
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the Structure of his drug at a different lower level of organization^ 
Quinine and quimdine afford another example The auricles, the 
entrance chambers in the hearts of human beings, often lose their custom 
of orderly contraction and do what we call, fibrillate— a state in v Inch 
they live and act but do so in a very disorderly fashion A sufferer from 
this disorder once noticed that frequently when he took quimne, the 
normal behavior of his heart was restored He narrated his experience to 
his physician in Vienna, Professor Wenckebach Professor Wenckebach 
sought to repeat his patient’s attempts but met with scant success-and 
told this story in one of his treatises It occurred to another physician- 
Frey— to try more or less systematically other chemical substances with 
which quimne is related At this point it becomes necessary, perhaps 
unwarrantedly, to assume certain biographical details Was that a rational 
procedure of Frey’s— was there good reason to thmk other quimne-like 
substances would work better than quinine, if so, which one, related how 
to quinine^ Or should he explore other substances— not quinine but 
substances belonging to that series^ Or should he attempt to build up 
quinine into a drug more complex? Or should he break it down to find 
what in quinine actually worked in Professor Wenckebach’s patient- 
purify the drug m short? Or should he look for a substance which, in 
Professor Wenckebach’s patient, aided quinine but was absent m 
his own? Or did his own patient harbor a substance which interfered 
with the action of quinine? All these were possibilities A complete 
account of how Frey behaved in this situauon is unknown— it usually is 
He may have tried none of these or many He had a smgle guide only 
He was told quinine worked in a si7igle person We are speakmg of levels 
of organization The only point of immediate concern is whether he 
should have analyzed further to find a simpler substance It may be, he 
should have done so, for the result of his labors has been effecuve in 
about 6o per cent only of pauents In that sense the problem is still open 
and the various choices enumerated for investigation still available What 
Frey did was to explore what is possible on the very level of organization 
of quinine sulphate He found in the group a substance which worked 
do per cent of the time, quinidine sulphate, identical ivith quinine 
sulphate except for its action on polarized light This was turned left— 
quinine turns it right The structural formula symbolizes the difference 
in that the nvo are written as mirror images of each other In this case, 
no further analytical procedures were undertaken Success, partial, it is 
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true, came on a level of organization no different from before There 
was no way of knowing beforehand that this would be the case Attention 
to causation would not have helped It was not kno\vn, it is not known 
now, what causally is essential in this reaction It is therefore unprofit- 
able to search for it 

It IS m the nature of things that students of any phenomenon must 
have first-hand knowledge of that phenomenon itself For simple descrip- 
uon first-hand acquaintance is all that is requisite For analysis it is 
essential in addiuon, to possess knowledge of the art and practice of 
appropriate forms of analysis There is no fundamental difference in the 
nature of these procedures for students of diseases and for other natural 
scientists Nor is there a difference m the operations which the mind 
undertakes The intellectual powers appropriate to elucidation of the 
two are the same, whether the object of study is a disease or an electron 
The physical methods employed in laboratories naturally differ and are 
especially adapted to the objectnes and material being analyzed But 
the mmd proceeds always in the same way, it knows few tricks and these 
few It employs indifferently w herever it has use for them The mental 
act, when it comes to procedure, measures, indifferent to rational objec- 
uve, length or volume or frequency The behavioi of the mmd remains 
always the same irrespective of the tools it causes to be used in the various 
situations in which it acts— it descnbes, it classifies, it dissects Erpeiience 
must come first and then the analysis of that experience, whatever the 
object 

But a potential difference exists nevertheless The practice of medicme 
IS an ancient calling It is as intricate as it is ancient It is one of the nicest 
of the arts Its practitioners have been in the habit of perforrmng many 
social functions These have been so absorbing that until almost contem- 
porary time neither leisure nor opportunity nor perhaps desire was 
available to proceed beyond simple description, of which there has been 
much, to analysis* which has but recently, and let us hope not tentatively, 
begun What needs appreciating is that the gap berween practice and 
analyzing is by way of bemg bridged The existence of the gap cannot 
be Ignored Of its deterring effect much has been made— in my judgment 
much too much When students were inadequately, or not at all, trained 
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for research, more weight attached to the exclusive demands of practice 
than now Much has changed, not least the estimate placed on tradiuonal 
knowledge and on practical legerdemain, though medical opinion still 
msists upon transmitting a great deal of this in formal education But in 
spite of all change, of persons interested in diseases, nvo types can be 
seen to emerge, one interested in advancing knowledge about them, and 
the other in treanng them The difference is similar to that benveen 
engineers and physicists Physicians who wish to learn how to analyze, 
now can do so-and do so to extraordmarly useful purpose But there is 
the difficulty I have menaoned— the gap It is real and it is important It 
occasions a difference not found, I fancy to the same extent, in other 
sciences having both theoreacal and practical phases Who would sup- 
pose, for example, that Graves’ disease (exophthalmic goiter), in order 
properly to be comprehended requires knowledge of physiological occur- 
rences and chemical processes, obviously not necessarily withm the 
competent knowledge of conscientious pracutioners of medicine!’ Or in 
the kind of cardiac affection common in older individuals, of insieht 
into and control of the most intimate behavior of muscle fibers’ And not 
only that, but knowledge of what underlies the behavior of those muscle 
fibers and them ability to carry on work I have spoken of other difficul- 
ties which beset physicians, but here is a major one To treat what is so 
obviously wrong, he must have learned, in physiology and physics and 
chemistry, what a man can learn only, if he learn it at all, as the result 
of the expenditure of all his energy Research, in these cmcumstances, 
was at an impasse For twenty-five years and more the effort has been 
made to bridge this gap by providing opportunity for a few physicians 
at least, to free themselves from the demands of practice The divorce 
of research from demands so continuously absorbing has accomplished 
noteworthy results Whether the divorce is adequate has not, I think, 
received sufficient scrutiny 

This much can be said safely, that time for research has been gamed 
And this in addition that to concentrate effort, a certam amount of 
irrelevant information may be left at the wayside And finally this, that 
physicians who observe the phenomena of diseases receive from their 
intimate contact with patients and their ailments, stimuli to ferret out 
the meanmg of what they observe No one else has access to that knowl- 
edge Havmg that knowledge and requisite training, the hope is still 
entertained that physicians, specially chosen, can solve the relevant 
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problems It would be idle to underrate the difficulties They do not so 
much consist in translating problems from bedside to laboratory as from 
transvaluing one pattern of knowledge with its technical (climcal) 
apparatus to another quite different pattern with equally exacting, if not 
more complicated, technical (mechanical) apparatus To recognize, for 
example, a cardiac disease, to think of its origin, to study its future, is 
obviously a different enterprise from search for the mechamsm of the 
contraction of muscle on m Inch its clinical manifestations depend For 
that search involves far ax\ ay know ledge of proteins and the part they 
play in the complex structure of muscle, as a result of which they 
contract Other illustritions may be chosen— syphilis for example, its 
dependence on a microorganism— a spirochete— and the suscepabihty of 
spirochetes to poisoning by arsenical compounds Or sull another, dia- 
betes mellitus, depending 'essentially on destruction or malfunction of 
a single structure in the pancreas— the islands of Langerhans— and its 
remediability on a substance extracted from these islands 

This discussion and these illustrations should suffice to define a 
peculiar situation in medical science I have already spoken of a special 
characteristic of the subject matter of “medicine”— the absence of “endur- 
mgness" exhibited by diseases And now^ I have added illustrations deahng 
with the apparently wade interval between diseases as natural phenomena 
and the cumbersome traditional technique for learning about them, the 
practical aspects of this study, on the one hand, and the equipment neces- 
sary to deal with the analytical procedures necessary in research, on the 
other, to explain how the position of medical science and of medical 
scientists has come to be somewffiat different from that m other sciences 
and how the mtellectual position of medical scientists has been regaided 
as differing from that of other scientists 

It IS, I think, impossible just now to exaggerate from a public point 
of view the importance of treatment The motives xvhich hax^e brought 
great funds for study into existence have not, except in connection with 
great dangers, arisen from general public interest The year 1776 was 
remarkable, aside from having witnessed the signature of the Declaration 
of Independence, for the effort Johann Peter Frank made, on behalf of 
Archbishop of Speyer, to gather information on a social, political, 
or at all events on a grand scale, concerning the health of a population, 
so as to make this more secure That adt enture began an epoch Usually, 
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It has been the illness of a friend or a member of a family that stimulated 
the insistent interest of private philanthropists The universities had no 
funds Government took a minimum interest only 

Once, when I defined medicine as the study of diseases. Doctor 
Thayer objected vigorously because in his judgment, jomed inseparably 
to the study of diseases was the need to get on with the business of curing 
these diseases The term medicine, he thought, included both Obviously 
a term can mean whatever we say that it does There is no reason against 
the use of the term “medicine” in the manner on which Doctor Thayer 
insisted It is preferable though, I think, not to make the meaning of terms 
too inclusive, that is a way of obscuring the variety of aspects which a 
situauon can be made to disclose It is undoubted, indeed in the world 
of medicine, the notion is widespread, that to search out the nature of 
diseases is one of our chief obhgaaons But there is no doubt also, that 
the notion of curing diseases is universally believed to be a function of 
physicians The function of medicine in the cure of diseases is so deeply 
imbedded in both public and professional minds that there liave been 
periods of impatience with the belief that the business of curing is diihciik 
and complicated (Hahnemann, etc ) , with those who insisted on an 
education more or less elaborate for men whose office it might become 
to search out cures Joining the search for knowledge of diseases with 
curing has, I think, tended to obscure the problems presented by both 
It IS not without importance to point out that to make cures provides, 
within properly defined limits, for a kind of activity not encountered in 
other disciplines 

Cures are of two kinds— we have depended on what I have been 
calling “crude empiricism” for one of them Here there is no use for the 
refinement of analytical procedures Agents not rationally related to 
complamts are used to mitigate them Such agents do turn up, as digitalis 
m the case of dropsy, suggested by a Shropshire housewife who interested 
the willing Doctor Withermg m her experiences, or when, owing to 
faith in the providence of God, the notion is entertained that where 
diseases occur, there in close proximity are their cures to be found— as 
salicylic acid (the willow) in the case of rheumatic fever 

The other kmd of cure relies on nothing so simple, nothing so fortui- 
tous In this case cures are conceived possible because of a belief that 
there exists something in a morbid condition, central to it, a knowledge 
of which would further the possibility of cure, as of microorganisms m 
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typhoid fever, or of to\ins m diphtheria, or excess activity of an or^an, as 
m thvroid hyper ictiv icy, or deficiency in a secretion, as in pernicious 
anenin, or defect or destruction in ussues or organs, exerting either 
immediate or remote consequences, as the effect on the heart in ben-ben, 
or of the late result of rheumatic fever, or, following in the footsteps of 
Ponce de Leon, substmces which neucrilize the action of agents that 
make the body age 

But ho^\ are such substmces to be found' There must be no mistake, 
they are actually md feverishly being sought The sciences of chemo- 
therapy, physico-therapy, immunology, pharmacology, the foundmg of 
institutes for the study of cancer and for this, that or the other, are 
evidence of the liveliness of the quest Someumes the direction of research 
IS simple enough— the agents being already well known, in the case of 
hemolytic streptococcus infections, sulphanilanude, in tetanus, tetanus 
antitoxm, in the failure of cardiac muscle, digitalis But in the case of 
cancer the situauon is different, since neither cause nor cure is known, 
shall the search be for an agent to combat a virus or some other substance 
or for the correction of a constitutional arrangement responsible for the 
licentious growth^ The direction which the search is to take is often the 
subject of sharp cleavages of opinion The single subject, cancer, illus- 
trates how in the process of analysis, talents, equipments, trainings of 
different forms may become serviceable If you believe cancer is caused 
by a virus you want men to search foi it who are perhaps differently 
endowed and certainly differently equipped from men who believe the 
solution of this problem lies in discov^ering a chemical substance to be 
neutralized, responsible for its ongm or development 

To a choice of means, beside haphazard, there is no other guide but 
reason But reason operates in the domain of causation and its tool is 
logic informed by insight, which in an exact sense is experience in action 
Now', as has long been evident, reason alone is madequate Hope resides 
in the use of reason to limit the region of investigation so that then, 
within narrow, indeed within the narrowest framework possible, sys- 
tematic trial and error can be attempted If science is empiric, somehow' 
experience provides it with a pattern That is Aristotelian Here is the 
inescapable region for the display of scholarship, ingenuity, resource 
What the issue is to be, in seeking the cause or cure of cancer, no one 
now, I presume, would be bold enough to declare It is a fortunate cir- 
cumstance that men of many minds, everj'w'here, are engaged in this 
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search But the point to be made is that once the method of crude 
empiricism is abandoned, the alternative, which is analysis, requires tech- 
nical education not at the disposal of everyone interested in a subject 
The problem is the problem of the physician as scientist Special training 
IS the price of analysis and analysis is the consequence of the failure 
of the obiTous 

I could have drawn this lesson on rational therapeutics from another 
source It has been said, and said plentifully, that the dawning interest in 
ailments of the aging is the result of social pressure Formerly that pressure 
was exercised, as now in the case of poliomyelitis, to secure protection 
from bacterial diseases, because they, often being contagious, were dan- 
gerous and required quarantine Comparable pressure is being exercised 
now because the ailments incident to older age are long drawn out and 
tend to be costly— indeed very costly The study of statistics created 
awareness of this situation, deaths from certain causes were increasing 
In the course of a few years a general conception of what this meant 
began to be clear— or clearer Little was known The study of aging 
began then in a more serious fashion * 

The problem what and how to study is not, in some respects, unlike 
that in cancer. What causes aging^ Is it necessary or preventable^ II 
preventable, does it result from subtle injuries inflicted in the course of 
ordinary living— injuries due to infection or diet or to other environ- 
mental moments^ Where is evidence^to be sought^ In changes in the 
arteries or in some other tissue or organ^ Is’ its cause a substance secreted 
within the organism— constituting a master reaction— not by design, 
though that is not an unusual concepnon, but because of its fortuitous 
and unavoidable nature^ If aging is the result of any of these causes, 
obviously means to bring the process to a standstill can conceivablv be 
found But if It should turn out that it is none'of these or none comparable 
to them, that aging is universal, it will be necessary to turn to the notion 
that aging takes place in the nature of things, that somehow it is incident 
to living, an expression of the togetherness of the organism, not a follov 
the leader mechanism, that the disabilities and ailments to which it gives 
rise call for alleviation of disability and suflPeiing, different— or perhaps 
not different— from those that are sought on the assumption of 
preventability 

From the point of view of research, the meaning is clear The 
resources of intelligence are wanted badly m this situation— natural 
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hisconsns, stiitisticwns, niorpliologists, chemists of several sorts, physi- 
ologists, physicians There may be short cuts to discoveries m this 
category, but the history of science does not encourage us to expect to 
find one It is more likely that m order to learn what to do, it is necessary 
first to search out the forces that are at work, and the precise forms they 
assume x\ttempts to anticipate solutions by short cuts have too often been 
futile We are, naturally, not told that enough is known to make a 
solution possible And then it is no longer believed widely that genius 
can advance far beyond current knowledge Newton, for example, is 
unthinkable as a contemporary of Aristotle Failure in scientific research 
IS often the natural answer to premature adventure The frequency of 
simultaneous discoveries is evidence for the correctness of this view 
Pressing on the door of the unknown is nowadays constantly takmg 
place But we do not believe we know beforehand who will force an 
entrance We believe, therefore, in freedom of research— one of the aca- 
demic freedoms which ought accordingly, sedulously to be preserved 
Whether a research can be made to pay is a matter of judgment Who 
has this judgment^ Experience counts of course, though the inexperi- 
enced, like Parsifal, often see the light But Aristotle, Harvey, Young, 
Helmholtz, Pasteur, Hering, Ludwig, Gaskell, Darwin, to name only 
biologists, were not inexperienced Since chance enters the calculation, 
there is little room for dogma 

# * -fc- 

The clinic has been an integral part in the scheme for providmg for 
the care and study of patients and their ailments The very fact that dimes 
present the opportunity of seeing and comparing the manifestations 
exhibited by patients has facilitated greatly, as Shryock has pomted out, 
the description and classification of diseases To be able to do this is, as 
we now know, indispensable in the development of scientmc knowledge 
When the stage of analyzing the appearances of diseases is reached, the 
equipment possible to climes is essential Equipment includes, for exam- 
ple, laboratories for chemical analyses, for the study of the physiological 
and physical aspects of diseases, for bacteriology, serolog}^ immumry, 
hematology In the past 100 years, but more especially in the past thuty, 
such opportunities have actually been provided on a fair scale It has 
become possible for physicians to study whatever phase of a disease 
seems imporcant Naturally clinics do not neglect the management of 
patients On the contrary They exist for the sole purpose of encouraging 
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better and proper treatment, as adequate as contemporary knowledge 
permits It is illuminating to observe how quickly the general public lus 
learned to find its w ay to university clinics in the belief that the latest 
information on the cure of diseases is to be found there, where the search 
for their causes and nature is actively going on The fear, once enter- 
tained, that paoents dread examinaaons by students and are unwilling 
to subject themselves to novel procedures even though undertaken with 
proper precautions has been found not to exist or to have been much 
exaggerated How to carry on clinical research is one of the lessons which 
has been learned 

Now, what can be successfully undertaken in the way of research 
in clinics depends on several factors It is obvious that the subjects for 
research are diseases which the paaents in a clinic present— these being 
presumably representauve of the forms of illness present in a communir\’^ 
Certain illnesses can be profitably studied— others not It would for 
example have been futile for Borelli or for von Helmont in the Seven- 
teenth and Eighteenth centuries to study infectious diseases Underh mg 
and contributory knowledge was not yet available 

In the choice of subjects, what I have been calling the level of organi- 
zation counts— and counts heavily A disunguished biologist of the past 
generation spoke often to his friends of the uselessness of investigating 
diseases until more was known about the behavior of cells, the ultimate 
proximate constituents composing animals and plants In certain direc- 
tions his view was undoubtedly sound But sera, like those used success- 
fully in treating certain pneumonias or in diphtheria, or a drug like 
quimdine, or bacteria as causes of diseases, or fibrillation of the auricles 
as underlying a striking disorder of the heart beat— all these can be, ha\ c 
been, and are bemg studied to the great benefit of man without carrying 
on the investigation at a level of organization much below'^ that on which 
the going concern which is the organism, carries on It goes Avithout 
saying that every analysis occurs on a level simpler than that of the thing 
analyzed That is in the inescapable nature of analysis But how far 
below^^ I have been saying, not very far, because relevant knowledge is 
usually not available— and in the solution of a problem, a level too far 
below may cease to be relevant In analyzing morbid processes, the 
opportunity should be available to carry on an investigauon at that level 
precisely, where an experienced or an especially gifted person decides 
It may be profitable 
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Objection is raised on occasion to affording this opportunity m 
clinics, the point being that that opportunity should be sought elsewhere 
either because elsewhere the cost, financially, may be less, or because 
the inclusion elsew here of that research may be more appropriate, or 
because historically there is a alue in retaining that study at the locus of 
Its origin But this is i w orkaday world, it is difficult to get things done 
anyn here, men carry on, each Ins o\\ n business and do that with difficulty 
and igainst odds Answers are sought because they are needed Patho- 
logical anatomists, for example, are often m despair because of the 
lacunae, of great importance to them, left by anatomists The situation 
IS exactly sinular when clinicians require information not supplied by 
ph) sioiogists But ev^en if anatomists and physiologists have developed a 
subject, there can be no obligation upon them to go on xvith it They 
may not be aware of the need of 1 next step To those to whom taking 
It IS necessary, it is scant comfort to know where preliminary mvesuga- 
nons were carried on, if they arc no longei being housed there The 
fructification of ideas cannot be shackled to a building or even to a 
locality But even if the study of a subject is duplicated, the loss is usually 
not great Identity in result is rare, mutual criticism is profitable, slight 
differences m procedure are desirable 

There must of course be some sort of common sense on xvhat is 
invesagated in clinics, no one now would regard it as sensible to establish 
a laboratory for the study of electrons But such lesearches as on the 
metabolism of bacteria, on nomograms describing acid-base and other 
equihbria, the location and behavior of salts and water, the mechanism 
of respiratory ferments and no doubt a host of others seem to be appro- 
priate To afford hospitality in clinics for such studies seems xvhoUy 
reasonable So will domiciling other activities, xvhen the prmciples m- 
volved are scrutinized and understood, such as describing long drawn 
out diseases and senescent states, especially xvhen the interest m them is 
pecuhar to the clinic, and the emphasis necessarily different from that 
outside 

The question finally arises as to xvhether men eust in chines willing 
to devote themselves to investigations at fundamental levels Though 
enterprises at such levels are relatively nexv, it appears already that little 
or no difficulty is being experienced If there is difficulty it exists perhaps 
>n the temptation to draxv to too practical purposes, the labors of those 
"’ho should be studying at simpler lex'^els But if so-called fundamental 
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researches are fostered, there exists the possibility of guiding them within 
pragmauc limits, and of acquainting clinicians with the value of such 
enterprises Against the cost, if the cost is high, must be balanced the 
motives, the interest in, the concern for the subject It seems too theo- 
refjcaj to expel from clinics what can be done there profitably, especially 
when a clinical interest meets \\ ith no outside echo There are thin<ys it 
seems, more expensive than money 

The discussion on the nature of the medical clinic has not, I behe\ e, 
these many years past, given due place to these more general aspects of 
Its life Primary attention was focussed on pracace and on teaching 
because they seemed to be more urgent These three,, teachmg, practice 
and research can, of course, be conducted as coordinate funenons The 
devotion to practice and to teaching must in no sense be whitded away 
But It will not be, if the experience of recent years is a guide What is 
wanted is a reall^atlon that in university clinics, all scholars need not 
be cut according to the same pattern Traditionally the roles of teacher 
and practitioner have been emphasized— perhaps overemphasized But a 
clinic affords opportunity for the display of diverse talents, there can 
be doubt no longer that men of diverse talents can find happiness and 
opportunity there To arrive at the precise specifications shouJd not, 
within this framework, be too difficult If the convicuon begins to prevail 
that these various functions should find their home there, their adjustment 
and accommodation may safely be left to the slow, one would hope not 
too slow, processes of time 

X ^ ^ 

The crucial point appears to be that, to succeed, research in medicine 
must be regarded a serious undertaking For whatever reasons, the issues 
are now regarded as sufficiently urgent by the general pubhc, so that 
government is devoting increasing attention to the health of the com- 
munity To take this problem seriously means that scholars m medicine 
must be permitted to be serious, as are those m other calhngs Education 
and the equipment for research must of course be adequate And the 
rewards for service must be ample Free and frequent criticism must be 
cultivated This has been sharp in a technological sense Experimental 
nonsense is not lightly tolerated From a more general point of view— 
that dealing with the purposes and direction of research, criticism seems 
to be less well informed Criticism of a kind can be found in presidential 
addresses, but the vigor, insight and fearlessness displayed is perhaps not 
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sufficiently incisive 

* -T * ^ 

This IS what I understand the meaning of medical research to be 
The study of diseases has been separated in a category somewhat differ- 
ent from that of the other sciences That has been due in part to the 
nanire of its subject matter, being in a limited sense, less enduring than 
that taken for analysis in the other sciences It has been due in part also 
to the lateness with which analyucal methods have been employed m the 
snidy of diseases The use of them now is m full swmg but, being new, 
the education of men eager to employ them has not been adequately 
conceived to this end For this reason also, a critical approach to the 
analysis of diseases has not yet fully evolved 

Of the objects of human mterest, diseases are far from the least The 
need for gettmg on \vith the understanding of many maladies is urgent 
These are very varied, and require for their elucidauon professional 
insight and equipment of a high order The problems are becommg not 
less, but more mtricate, the more the methods of empiricism change from 
crude to less crude The meamng of medical research is to understand the 
mechanisms at play and to be concerned with their alleviation and cure 


292 


THE BULLETIN 


PSH5HSHSHSHSZSHSHSZSH5cL5ZSZS2SHSaSHSa5aSSSasa5HSBSHSHSHSH5a5HSHSSSH5a52S2SHj.ia 

RECENT ACCESSIONS TO TFIE LIBRARY | 

‘ Possesbion does not nnpl\ ippro\ il” 3 


CiIH5HSHSHSHSSSHSHSHSHSHSHSHSS5HSHSH5HSHSHSHS2SZSZSiHSHSHSHSSSE5EffHS2SH5HSHS2S‘a 


\]port, V C 1 he house of Cm wu'' 

London, Hutchinson, [1937], 320 p 
Vnklesiri i, S B The rabbit tesst for the 
detection of chorionic tissue iti the bodi/ 
Boniba\, Fort Printing Press, 1017, 
Kil p 

Vrnold, T O Tiniph Cnizersiti/ obstetrual 
</utde-book 

Phil, Corson, [1937], 197 p 
\ssoti ition for lieseircli in Xenons ind 
Ment il Dim isl The pituitari) qiand 
Plot et dinqs of the A^socl<ltlon 103(> 
Blit, Williams, 1938, 764. p 
Vssociition for Beseirch in Xenons and 
■\Iental Diseise Tumors of the nenoiis 
11 /stent Ptoceedim/s of the .lisoiia- 
tion 1935 

B lit , Wilh ims, 1037, t93 p 
Baciiill, 0 The orK/in and properties of the 
human aura 

London, P ml, 1037, 100 p 
Billies, 1 C Laboratori/ manual of t/eneral 
plii/swloi/i/ 

Phil, Blikiston, [1937], 110 p 
B irnes 1 C Textbook of qeneral phi/si- 
oloqi) 

Phil, BHkiston, [1937], ool p 
Beckm 111 , II Iriatment in qeneral ptiuliie 
3 id 

Phil, Suindeis, 1938, 787 ji 
liinedict, F G X Lee, Tl C Lipoqenesis m 
the animal bodi/ 

Wash, Carneiiie Institution, 1037, 212 p 
Bethel, O AV Materia medicii, druq admtii- 
iitriition and prescription -Lritinq » cd 
Phil , D n IS, 10 IS, 377 p 
Binard, T P \ Co/ens, F W Tests and 
measureinent s m phi/sital education 
2 ed 

Phil , S iiindei s, 1038, •J-27 p 
Boiien, AV PI ppendicitis , a iliiiieal sstiidi/ 
Caiiibiidge [Eng], Inn Press, 1037, 

201 p 


Bitjfer, 1 Die GesMechtskraiikheiteii «ii,( , 
dire Oefahren fur dai Volk 2 Vuti 
Berlin, Sehenck, [1937], 130 p 
C ihot, R C Christianity and sex 
X Y , M iciiiillan, 1937, 78 p 
C iporale L L’uroloqia nella donna 

I oi ino, Alinen a Medica, 1037, 281 p 
Dtiiiel, R Diaqnostik chirtirqischer Trkrank 
uiiqen 2 Vufl ' 

AI leii, M ludrich, 1937, 803 p 
F igle, H S The laboratory diai/iiosis of 
iijphiliA 

St Louis, Alosbi, 1937, 340 p 
Felsenreich, F Die operatize Behamllimq 
der frischen inedialen Schenkelhahfrak 
tur 

A\ it.li, M iiidrich, 1937, 200 p 
Fischel, V Griindriis der Ent-<.wklmtq Jet 
Meiischen 2 Vufl 
Berlin, Springer, 1037, 141 p 
r niton, 1 F Sir Kenehn Diqbi/ 

X A , Oln er, 1937, 75 p 
Gitlord, S R -1 /< vtbook of ophthalmoloiii/ 
Pliil , Saunders, 1938, 402 p 
Gottstmi, V Eptdemioloqte, Grundbeqrtfe 
und Erqebniise 
I Lip/ig, Deuticke, 1937, 283 p 
Greit Britiin Ministn of Ileiltli Reporl 
on maternal niortnliti/ in Wales 
london H AI Sta Off, 1037, HO p 
Handbook on sot lal hi/qiine editiil hi A\ 1> 

I onar md J V Goldberg 
Pbil , I ea, 1938, 442 p 
II ink, P B \ Bergeini, O Prnctual plit/sio 
loqical cheiiiiAtrq 11 ed 
Phil, Blikiston, [1937], 008 p 

Iliwiird, T V The romanie of iiudicme 

1 ondon Routledat, [1037], 278 p 
Ileih, A\ Peisoualdi/ in formation and 
action 

X A', Xorton, [1938], 2M p 
Intern itioiialer [1] Komiress fur IviirzwellLn 
in Plnsik, Biologic und Aledi/iii, A'lcnna, ' 
1037 Peferate und Mittedunqcn 
[A\ leii, Ilolhnek, 1037], 331 p 


M V\ 1938 


293 


Intern \tion il Suii|)o-mni on Tiirh Aim, 

I’lulultlplin, 19!' t'orhi nniii at dt- 
pwldl "t t/ic Iiiti>rnalintial Si/iiipo- 
iniiii the lutihmi/ of natural ttiriue-. 
Pill! I iiipincott, WIT, U>2 p 
Jaihssolin, I DermalaUuiu 

^\nn ^\eulmann, I'tJS, 788 p 
Jone' I H Pliiant ' tt/at the human biin<i, 
lit tfen throui/h the ei/et of the flu/ht 
surqeon 

I’liil, I ippiiKott, [10^7], ’52 p 
]or(lin, H E I textbook of hittaloqii 7 ed 
\ , Vppleton-Cenliir\, [1017], 7 58 p 

JoHrnee^ Tnttrintioil lll^ I’l norliquc'i dc 
Cirdiolopic di, I’o\ it, 1037 fe tpatnu. 
ntcubare Confirencet 
Clermnut-rcmnd, I’V\tnir, 10 57, 517 
P 

ki!(iufle, U 1 Chnaal urinali/ti\ anil lit 
mierpretation 

I’hil Dims, lOI?, 128 p 
kimlier, M T 1 Prarttrnl pti)cholaii>j for 
tiiirte 

I nnilon, Miltord, 50 57, Ifll p 
Lnmri F f lorj, At E \jriiirr( T \ 
In iinpreiinannii i.dceral ineihantc tain 
nuhoartnai 

Iltienos lire-s, " \ctu did id Atcdic i Afun- 
linl’, 1937, 3W p 
Lalir, A\ 15 unilheiluni/ 

I eip7ie, 15 irtli, 1937, 2 5-1 ]> 

Lorenr, \ Irh durfle helfen mem Leben 
inul II irhen 

I eip/ip^ St incknnnn, [1937], 317 p 
Uilmnnn, K Die 1 echnih der Operation der 
Oaumentpalten und Oaunienltppen- 
tpnlten 

teiiwip, Bartli, 1937, 99 p 
MePheeters, H 0 &. \nderson, I K Injec- 
boii treatment of laricote teint and 
liemorrhoidt 

PhiED-iMS, 1938, 313 p 
'aligner, A\ A textbook of hematoloi;i/ 

Pliil, hhliston, [1938], 393 p 
Malisolf, 15 11 The '-pan of life 
PI'ii, Lippincott, 1937, 339 p 
'tannin, E E Common-tente and the adolet,- 
cent 

london, Tirrolds, [1937], 288 p 
'tenninf,er, K V Man aquintt hiimelf 
'' A , Harcourt, [1938], 483 p 


Afoiisau It K 15 Human understanding 
and itt uorld 

1 oiidon, Hodder, 19 57, ISO p 
Aline, (tsir) ]{ \ Ititclne, 1 Manual of 
bach riologi/ 10 ed 
I ondon, jllilford, 1937, 99(, p 
Nit/silit O Franz lOn Dittrich lS]y-lS59 
Aliuulitn, 1 Lliiniiin, 1937, 259 pi 
I’lrtiiutoii, 1 n I thnrt hitton/ of chem- 
ittri/ 

N A , Aliciiiillin, 19 57, 38G p 
I’lii/oldt, E Der danlharc Patient [5 &. 
I. \un ] 

Berlin, ristlici, [WIT], 119 p 
Pirspcifi It in biochemistri/, thirti/-one 
itsai/t presented to 8ir Frederick Oorv~ 
land TIopkint Edited 1)\ 7 Xeedlnnj 
ind 12 E Green 

Cimlindgi. [En:;], t nn Press, 1937, 
3<>1 p 

I’liillips, A[ J he education of the emotions 
through sentiment deiclopment 
I imdon VIkn, [5937] 318 p 
I’oMiton, I 5 iS, S( Iilesinper, 11 Recent 
ad anils m the tfiidi/ of rheumatism 
> id 

Plnl Id il iston, 1957 3S0 ]i 
It iinim \ Cijil, S RccolUctioni of mg life 
Plnl , liner Pliilns Sot , 1937, 2 t ml 
bilieidt, K 15 Orundlagen einer nenro- 
loiittchcii 1‘igrhnlogie 
Jen I, Eistlici, WIT, 25(» p 
Sili'Mit/ir 1 Ills meiiiem leben mid 
Deni en 

1 tip/i;,, Alciner, [1917], 211 p 
Seitiicd O Die kranl heiten lies Kauincheuis 

2 lufi 

]>crlin. Springer, 1937, 251 p 
Seieins, A\ FI JJeotiiig ceutilating and air 
conditioning fundamentah 
\ A , 15 ile\, 1937, 107 p 
Slitilion, (Airs) F (Broun) Fhe jatiiily 
in health and in ilhicss 
\ A , ArtGrau-IJiJl, 1937, 516 p 
Sigeiist, H E Socialized medicine in the 
Soitef Union 

\ A , Norton, [1937], 378 pi 
Simons E J Primarg carcinoma or the lung 
Cine, A ear BooF Pulilisliers, [1937], 
2C3 p 

Stnrner, R Psychologg of personality 
\ A , AIcGiau-FIill, 1937, 465 p 


THE BULLETIN 


294 


Urbich, E Dai Heuficber tind ieine Behand- 
Imiq 

H len, yiimlncb, 1937, 180 p 
Y^cc^ro, H Bacterioloqia e inmnnologia, 
cuT'^o practico 

Santi igo (Chile), Leblanc, 1937, 271 p 
Vincent E L Mental hygiene for nurses 
PInl, Saunders, 1938, 263 p 
AVestburgh, E M Introduction to clinical 
psi/cliolofft/ 

Phil, Blikiston, [1937], 336 p 


Vhite, B Ihe bioloijy of pneumotoccm 
N Y , Commons e ilth riind l<)3i., rHO p 
ITolfe, IV B Succeisful liztnq 
N 1 , Farrar, [1938], ISO p 
AVoodger, J H The axiomatic method ta 
bioloqi/ 

Cambridge [Eng], Uni\ Piess, 1337 , 
171 p 

7ieler, K W F I ehrburh und Ithis (i«r 
Haut- und Oeichleclitskrankheiten 4 

Berlin, Urban, 1937, 2 \ 


PROCEEDINGS OF ACADEMY MEETINGS 


SI IfLD MEBTINOS 

April 8 — The Next York Academy of Medi- 
cine Executne Session — a] Reading of 
the minutes H The thirteenth Hermann 
Michael Bures 'Memorial Lecture deli\- 
ered In Ihomis M Rners, Director of 
the Rocketellei Hospit il, on ^ irus Di- 
seases — twentieth centurc \ersion on the 
De Xolo origin of infectious agents and 
it sienificance in rel ition to tlie control 
of diseise b] Repoit on election of 
members 

April 21 — The Haney Society (m aflihation 
xcith The Kexo York Academy of Medi- 
cine) The se\enth Harcev Lecture, Ihe 
Chenustre and Biology of Jlale Sex 
Hormones, F C Koch, Professoi of 
Bioehemistr\, the Lnnersit> of Cliicago 

SLCTi oy ME ETiyas 

April 1 — Suryeri; Reading of the minutes 
H Presentation of cases — a] Ihiee c ises 
of enlargement of the lip due to Inper- 
plasia of the submucous sain ar^ glands, 
Herbert Con\\a\ , Discussion bv Jerome 
■\Vehster, b] Simultaneous perfoiation 
of tno peptic ulcers treated b> piimaij 


gistiic resection. Concomitant iciitc 
appendicitis and perforated gistric ul- 
cer Secondare duoden il ulcer tee 0 e ears 
Intel, castiic resection, Meioii I Sal- 
lick, Discussion b\ Richird Lewisohn, 
c] Hegroma of the neck, h\o eears post- 
opeiatne, MMlliim Klein, Discussion be 
John M Hanford U Papers or the 
eeenmg — Seaiiposium on postoperitiee 
complications — a] Postoperatne throm- 
bosis and embolism, Fredeiic \V Bin- 
croft. Discussion b}' Mirgiiet Stanlee- 
Bioeen, b] Postoperatne cestitn, Frink 
C Hamm, Brooklen (be imitation), 
Discussion be Nathaniel P Rithbun, 
c] Postoperatne pulmon ire complica- 
tions it the Rooseeelt Ilospitil V ten 
eear report, Lems S Booth (bv imita- 
tion) , Discussion by Paul M Wood 
II General discussion H Executne session 
— Nomination of section olhcers ind 
one member of Ade isore Comiiiittie 

ViiuL 3 — Dei matoloyy and Syphdology 
Reading of the minutes ff Present ition 
ot cases — a] City Plospital, b] New 
York Hospit il and Cornell Medic il Col- 
lege, c] Miscellaneous cises 5 Discus- 
sion of selected c ises IJ Executie e ses- 
sion — Nomination of section olhcers and 
one member of Ad\isoi\ Coniinittee 


iM A. ^ 1938 


^95 


i:\iminition of p iticiits is hniitid to 
niemliers niul tlieir j:iiLsts 

pail l‘l—2\curoloqii (iiid Pi.ychialri/ Uc id- 
ing of the nmiutis J Pipirs ot the 
e\emng— 1 ] Ihe mcdunisin of referred 
inciml pun, He\man R Miller, Dis- 
cu'sid h\ L A oslmrgh I \oii‘i, Frink 
Pike (h\ iinitatum), Uohert H 11 ilsev 
h] Ihciiseof sodiiiiii thioride iiid Inper- 
tonii intrneiimis sidiiie in tin tre itiiient 
of ihstnrhcd pitients, K irl M Unwin in 
(1)1 iniitition), S\I\ in Kiisir (hi iiiii- 
tition) Disciissid hi luster Keniiedi 
Sinniel B Mortis, S F lellitTe c) 
\speets of tlie phisiolo,,! of thoiislit 
iml emotion with related case presen- 
tations of loheetoini ind lohotoiin , 
Richard AI Brickner, Discussed In 
Frederick lilnei, Isriel S A\ eclisler 
^General discussion Urseeiitiie ses- 
sion — Nonunitions of section olheers 
and one menilier of Vdiisori Coiiunittec 

pail 1-i — Peduttrici Smposiiun on leute 
rlieiiinatic feier C ise reports, Lewis 
Steienson, I uci Porter Sutton, Homer 
Siiift *■ Pinel diseussuin — Clurles Hen- 
dee Smith, Chairman, Ann G Kuttner 
(bi mutation), Currier AlcDwen, Ining 
Roth, Luev Porter Sutton, Homer Swift, 
Mai AVilson ([E\ecutiie session — dom- 
ination of section officers and one mem- 
ber ot Vdiisori Committee 

iPaiL 15 — Orthopedic Siiri/eri/ Escciitiic 
session — a] Reiding of the minutes, 
b] Nomination of section officers ind 
one member of Adi ison Committee 
3 Papers of the e\ ening — a] Some oh- 
seriations of a group of 1935 interior 
pohoimelitis patients, Charlton AVall ice, 
A comparitne studv of shoulder 
ortlirodesis and transpl intation of the 
Iraperuis, Leo Maier c] Panastr ig ilar 
irthrodesis, Frederick Lee Lieholt 
(Neil Aork Ortiiopedic Hospitd) (hi 
■nutation), d] Ecliinococcus cist of the 
femur Report of i c ise treated hi 
eicision and implantation of hone chips, 
'M2 1938, AI Beckett Howorth H Gen- 
'■"■1 discussion 


Ainii, IS — Ophlhalmoloqij Instructional 
hour — Glamomi, Algernon B Reese 
S Slit limp duiionsti ition, Aldton L 
Berliner, A\ cndcll L Hughes, Girolamo 
Uonaccolto, Gordon AI Bruce H E\ec- 
utiie session — i] Reiding of the min- 
utes (8 30) , h] Nomm ition of section 
olheers ind one memher of Adiisorj 
Committee H Presentation of easts — 
i] liio cases of mid iteral retinitis pig- 
iiientosi, Signiiiiid A Aaiitston b] 
Demoiistr ition of microscopic structure 
of toloboma of the optic nerie and 
iiiaeiil 1 , Dai id AA'esler, Alurr 11 Last, 
t] I wo cists of milignint neoplasm of 
the eiehd, Mainard AA heeler d] Case 
ol Aon llipppl’s disease ( ingiomato''i3 
retime), Beniuiiin C Rosenthal (by 
iniitition) H P iper ot the eiening — 
Operitions for orbital filling, John AI 
AA heeler 

Aiiiii 10 — Medicine Readmir of the minutes 
f Pipers ol the c\ tiling — 1 ] The clinical 
ispects, iiroplnlasis, and tre itment of 
iciite anterior polionnelitis, Tosepliine 
B deil Discussion hi S D Kramer 
(hi iniitition), b] Immunological as- 
pects and treatment of meningitis, 
Emanuel Appelbium Discussion bi 
llinri AA irt J icl son (hi iniitition) c] 
Prophvlutic and theripeutic 1 due of 
com ilesccnt serums in measles and scar- 
let teier, AA'dliam Tlialhimer Discussion 
bi In ing Klein (bi mutation) If Evec- 
iitiie session — domination of section 
officers ind one member ot Adi isory 
Committee 

Aiiiii. 20— Genito-Urinnrq Surqerq Execu- 
tiie session — a] Reading of the minutes 
b] Nomination of section officers and 
one member of Adi isori CommPtee 
If Presentation of cases — a] Hie iniec- 
tion therapy of hi drocelc and spermato- 
cele, Arthur H Alilbert (bi mutation) 
b] The endocrines and spermatogenesis, 
Robert S Hotchkiss (bi mutation) 

U Paper of the eiening — The use of male 
sex hormone in all tipes of bipogonad- 
ism, S imuel A A est B dtunore (bi in- 
vitation) If General discussion— Opened 
bv In mg H Pardee 


296 


THE BULLETIN 


AvRii. 20 — Otolaryngology Reichng of the 
minutes li Papers of the eiening — i] 
Plastic surgery in the tleinted nose, 
Albert A Cinelli, b] 'I he management 
of sinus malignancies, MerMn C Mvcr- 
son, c] Diseases of the nia\illar\ sinus 
and their rel itionsliip to the oral ci\it\, 
John M Lore, cl] Psychiatric therip\ m 
d\ splionia — aphoni 1, ps\ chophonasthen- 
la, falsetto (Slides-Recordings), T lines 
S Greene H General discussion E\ec- 
uti\e session — Nomination of section 
officers and one meiiiber of Ad\ isor\ 
Committee 

April 2G — Obs/e^rlc^ and gynecology Exec- 
ute e session — Nomination of section 
officers and one menibei of Vd\ isor\ 
Committee H Papei of the evening — 
Sterilitv causes, methods of iiivestigi- 
tion, and treatment (illustrated b\ a 
motion picture in color), Samuel L 
Siegler (bv invitition) Discussion bv 
Raphael Kur/rok, Robeit S Hotchkiss 
(bv invitation), Isidor C Rubin, Fian- 
cis tv Sovak 


A rPJLIdTED SOCIETIES 

April IS — The Aeio Fort Roentgen Society 
( III affiliation ziith The Nexo York Acad- 
emy of Medicine) Case reports — a] in- 
teresting cises, b] case of owcephalv, 
Joseph E J King (by invitation) 

H Papei of the evening — \ qualitative- 
quantitative concept of radiation thei- 
apv, ’William H Mever, Discussion bv' 
Ralph E Herendeen, John R Cirtv, 
Edith H Qiimibv, MA (bv invitation), 
Arthur Mutstheller, PhD (bv invita- 
tion) Executive session 


Viiui 20 — Aeit) 1 ort Settion of the Society 
for L rperimeiital Biology and 'l/eiiiciiie 
at The Nexo York Academy of Medicine 
The longevity of the inaiiiniali 111 enthro- 
cvtc, Vlbert S Gordon, AVilliuii Klem. 
herg (Introduced bv Ilarrv V Charri- 
pel) II Ideiitific itioii of the porphvrm 
compound found in cultures ot C diph 
theriae iiid Mvcobicteria, Cilvin B 
Coulter, florence M Stone (bv invita- 
tion) H Ihe eftect ot the pulse on Ivmph 
formition iiid uiterstitiil movement ot 
substances, Robeit J Pirsons (bv m 
vitation), Philip D McMister f Cura- 
tive effect of V it limn ind the vitaiiim 
11, complex on expeniiient d Inper- 
thv roidism, ^ ictor V Drill (Introduced 
bv R ilph II Chciiev) S Decreased 
clioiiiic-csterase ictivitv of sertnn in 

I iiindicc ind 111 biliarv diseases, W illi 1111 
\ntopol, Vrtlmr Schiftriii (bv invita- 
tion), Lester liieliman (bv iiivitition) 

II Movement of water igiiiist a gridient 
in models, W J V Osteihout, I IV 
Muirav (bv invitation) <1 Rusuiess ses- 
sion 

VpRiL 2S — Nexo York Pathological Society 
in affiliation xtitli The Nexo York Acad- 
emy of Medicine Case reports — n] 
Primarv c irciiioiii i of the nail, J inies 
R Lisa, Jacob Levine, b] luhcroiis 
sclerosis with cerebellar involvement 
and colloid cast of the septum luculiitn, 
Vniour F Liber H Papers ot the eve- 
ning — a] \. consideration of certain 
tvpes of benign tumors of the placenta, 
\ndrevv J Marchetti (by invitation), 
b] Ihe passage of substances through 
tissues and the foiiiiation ot Ivmph, 
Robert J Paisons (bv invitation), 
Philip McMaster (bv inv itation) ^ Ex- 
eeutive session 


BULLETIN OF 
THE NEW YORK ACADEAiY 
OF MEDICINE 



TRANSFERS OF WATER AND SOLUTES 
IN THE BODY 

Harvey Lecture January 20, 1938 
JoHX P Peters 

John Slade LI) Professor oi Medicine ale Lniverntv School of Medicine 


P3ESH5ES2SHSHSROPERLY KNOYT-EDGE of the processes by which water 
^ ^ and solutes are transferred m the body begins with the 

discovery of the circulation of the blood by the great 
^ m physiological pioneer from whom this society prou y 

Ci'SSHSHSHSHSHSfl derives its name This aspect of the subject, owever, 
will receive no attention this evening The movements 0 water env 
the blood stream and the interstitial fluids and the important unctions 
of the lymphauc system will also be neglected, nnnl'pr- 

subjects of recent lectures of Eugene M Landis an eci 
respectively I shall confine myself entirely to the t 
processes which control the motions of witer aiu so utes 
and the fluids in which they he Even m tins uumeenon effects on 
these movements of changes in the reietions ot the 
fled, wh.ch have been so f 

Will receive only scant consideration . osmotic pres- 

the effects of pH changes derive fioin ah ^ ^ 

sure relations between medii, tliey iepie''e 
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part of the subject of this lecture History must also largely go by the 
boards to permit adequate presentation of recent e\perimental m ork and 
Its implications My position here tomght is chiefly that of recorder or 
reporter of investigations that have been carried out over a period of 
years in my laboratory by a number of persons whose names will appear 
as the story unfolds Relevant material from other sources will be men- 
tioned without any attempt to treat the literature evhausavely 

First I should like to consider certain experiments dealing with the 
composition of the red blood cell and its behavnor m its native e\tn- 
cellular or interstinal fluid, the blood plasma The red blood cell lends 
Itself to study because it can be isolated for examinaaon and because 
its metabolic processes are quite slow and can be brought practically 
to a standstill by moderate chilling There is much evidence to prove 
that the contents of the red blood cells have the same osmotic pressure 
as blood serum and are in osmotic equilibrium with the latter This 
means that, m spite of the great differences in their composition, both 
cells and serum contain the same concentrauons of osmoucally acme 
chemical components The differentiation is brought about, apparently, 
by the fact that the membrane of the cell has a highly selective permea- 
bility It IS quite freely permeable to water If blood is diluted wnth w^ater 
this w'^ater distributes itself between cells and serum m the same propor- 
tion as the -water which was origmally in these media The consequence 
IS that the cells swell and, if enough water is added, will ulumately burst 
Urea and certain other simple organic compounds also penetrate the 
cell membrane quite freely Consequently solutions of urea, although 
they have a definite osmouc pressure, act exactly like xvater Further- 
more, urea added to serum does not alter the size or composition of the 
blood cells To protems the cells are quite impermeable, otherwise hemo- 
globin could escape into the serum The molecular concentration of 
protem m the red cells is more than three times as great as that in the 
plasma A pi ion it might be expected that the osmotic pressure of the 
cellular contents would be far greater than that of serum It is a similar 
difference m concentration of protein benveen plasma and intersutial 
fluids that, according to the Starling theory, balances the hydrostauc 
force of the blood pressure and retams fluids m the blood stream In the 
equilibrium between cells and serum, however, the unequal distribuuon 
of protein is compensated by impermeability to other substances, espe- 
cially the cations, sodium, potassium, calcium and magnesium If red 
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lood cells are suspended m solutions of sodium chloride of varymtr 
trength ic w ill be found that they retain their original size and shape 
n that solution w hich has a concentration of about o 9 per cent NaCl, 
ir approMnutely 150 millimolar Since NaCl m solutions of this strength 
s almost completely dissociated into Na+ and Cl~ ions, the solution 
'ontains 300 osmotically active milliequivalents Cells behave in this 
oluuon, however, quite differently than they do in a 300 millimolar 
ea solution In the latter they swell as they would in so much water 
hey do not swell in the sodium chloride solution because the sodium 
IS unable to cross the cell membrane In sodium chloride solutions 
stronger than 150 millimolar the cells shrinlc, in weaker solutions they 
swell The degree of expansion or contraction depends on the concen- 
tration of salt u'hich is added Equilibrium is reached in each case when 
enough Mater has been transferred across the cellular membrane to 
equalize the concentrauons of active osmotic solutes on the two sides 
of the membrane 



Fig 1 — The i^erage molar concentia- 
tions of base in human serum and red 
blood cells 


After these few preliminary remarks I should like to presen^ certa 
data and experimental results Fig i shov s the concentration o amons 
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and canons in normal serum, not as they are usually given, in relation 
to umts of volume, but as osmonc equivalents (millimols) per liter of 
water These data are from analyses made by Miss Pauline Hald ^ The 
total concentration of base in serum water, 153 millimols, is approxi- 
mately the same as that of an isotonic salt solution, 150 millimols For 
purposes of calculation, then, it should be possible to use the concentra- 
tion of base in serum as a measure of the effective osmotic pressure of 
the serum, that is, of the components of serum which cannot cross the 
cell membrane and which, therefore, will determine the distribuuon of 
water between cells and serum If this is true and if the cell membrane 
IS completely impervious to base, it should follow that, when water or 
salts or both are added to blood, the concentrations of base in the serum 
before and after the addition should vary mversely as the volumes of 
xvater in the cells 

Bsi Wco 

should equal 

Bs 2 Wci 

Where B represents mols of base per kilo of water, W kilos of water, 
the subscripts s and c, serum and cells, and 1 and 2 the bloods before and 
after treatment, respectively It will be apparent from the figures m 
Table I that experimental results conform to expectanon with surprising 
accuracy In these fourteen experiments, performed by Wakeman, 
Eisenman and Hald,"*” the ratios of base and of cell xvater are almost 
identical in the great majority of instances, although xvater, and the sul- 
fates, carbonates and chlorides of both sodium and potassium xvere added 
to blood Smce then similar results have been obtamed xvith phosphates 
of sodium and potassium These and other experiments of a like nature 
can leave no doubt that human red blood cells under the conditions of 
these experiments are quite impermeable to the bases, sodium, potassium, 
calcium and magnesium, and that, xvhen the concentrations of base m 
the serum are changed, the cells give up or take on xvater in such pro- 
pornons that the osmonc pressures in the two media alxvays remain 
identical Fig 2, from data of Klinghoffer,*^ shoxvs that solutions of urea 
(marked by circles) and of glycerol (the triangles) have the same effect 
as so much xx'^ater (crosses), proving that these substances enter the cells 
xvith perfect freedom Sucrose is unable to enter the cells, therefore 
in solutions of this sugar red cells behax’’e as they do in salt solutions 
Glucose presents a rather particular case It has been demonstrated 
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Relations of Transfer-, of 11 ater between Cells and Serum to Chanyes of Scrum 
Base after Addition to Blood in Vitro of Salts or Water 
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Experiments 1 to 8 are from Wikeman, Eisenman and Peters ,4 
the remainder from Eisenman, Hald and Peters 5 



Fig 3— Per cent increases in water of cells and serum 
after the addition to blood of water X> solutions 
o, and gljcerol solutions A 
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repeatedly that in human blood glucose is equally distributed through 
the water of cells and serum The addition to blood of dilute solutions 
of glucose causes cells to swell as they do in \\ ater, the glucose and water 
distribuung themselves equally between the two media In stronger 
glucose solutions cells do not swell so much, taking up less than their 
share of glucose The factors that limit the load of glucose which the 
cells will assume are not yet clear Khnghoffer has, however, show'n, 
in some unpublished experiments, that, in spite of this discrepancy in 
the distribution of the glucose, osmouc equilibrium between cells and 
serum is still maintained that is, Avater and glucose cross the cell mem- 
brane in equal proportions, the transfer of water being condmoned by 
the transfer of glucose It should be mentioned that the conditions under 
which glucose is not evenly distributed in human blood are not encoun- 
tered in life 

AAhth this much established it became necessary to learn whether 
red blood cells behave in the same manner while they are in circulation 
in the body With this end in view Eisenman and Hald® exammed blood 
of patients before, and at intervals after, injections of large quantities of 
hypertomc sodium chloride or sodium sulfate In these experiments (see 
Table II) the base of serum increased from 6 to 27 millimols between the 
two observaaons, Avhich were made, in two instances, at inten'als of as 
much as eighteen hours In every experiment except the ones surrounded 
by the black line, in Avhich a single analysis was probably in error, the 
ratios of cell water and of serum base agree quite as w ell as they did in the 
m viti o experiments It Avould seem, then, that both m the test tube and 
in the body the red blood cells respond tb changes in the concentration 
of base in the serum as if they were quite impermeable to base, adjusting 
osmotic equilibrium by transfers of w ater alone As far as their size and 
water content are concerned, then, these cells would seem to be entirely 
at the mercy of the serum in which they are bathed 

In early experiments in vitio, in which whole blood and serum were 
investigated by Wakeman and Eisenman'^ it was also proved by direct 
analysis that no base passed into or out of the cells This has since been 
confirmed with more exact techniques by Eisenman and Hald “'To our 
great concern how^ever, when the same techniques w'^ere applied to the 
m VIVO experiments unmistakable changes in the base of cells w ere de- 
tected The two series of experiments are contrasted in Table III The 
calculated limit of error in the estimation of Bc> - Bci, is 4 millimols, an 



Tjiviifeii of fVatet and Solutes in the Body 


305 

1 VliLt II 


rran^yer^of cell .aUr m rclalwn to chanyes of .erum bcue 



h iperimcnt 

(1) 

He 

(^) 

B., 

B.. 

(I) 

(V 



M 


S9 3 

917 

0 93 



T 1-2* 


100 0 

836 

1 20 



1-3* 


96 6 

85 9 

1 12 



2-3 


103 7 

102 7 

1 02 



Bo 


93 3 

96 2 

0 97 



Be 


96 0 

97 0 

097 



Cr 


93 2 

95 8 

0 96 



Ch 


95 3 

96 2 

0 99 



S 


91 2 

93 8 

0 99 



Ir 


98 7 

913 

1 05 






A.\enp:L * 

0 99 



* 

Expermients T 1-2 

and 113 are e\cluded 





1 VIILC 

III 




Eratiifen 

Of b(i*e betu.een celU anti ^entin 




In mo 



In t 

if TO 



(I) 

O) 

(2)-(l) 

(1) 

(’) 


Exp 

Be, 

Be, 


Exp Be, 

Be, 


y 

97 1 

1013 

39 

1 100 8 

101 3 

0 5 

T2-3 

9(1 (> 

ST 7 

-8 9 

2 101 i 

105 3 

3 0 

Bo 

9S(i 

S6 3 

-12 3 

i 1178 

116 7 

-1 1 

Be 

111 7 

105 1 

-6 6 

1 112 S 

1103 

-1 9 

Cr 

101 1 

113 5 

12 1 

5 1128 

113 7 

0 9 

CIi 

107(1 

102 2 

-5 1- 




S 

103 <1 

93 3 

-11 5 




Tr 

106 6 

107 5 

09 





esamation that seems to be supported by the in vitro experiments Never- 
theless this was exceeded m five of the eight in vivo experiments, the \ ery 
evperiments m which changes of cell watei and analyses of serum ga\ e 
no evidence of transfer of base A paradox therefore presented itself 
To find the source of this paradox it is necessary to turn to more direct 
consideration of the composition of the cells Bv reference t-o Fig i 
which compares the average molar concentrations of bases per unit of 
Water in serum and cells, it may be seen that there is slightly more total 
base in serum In addition the base of serum is overwhelmingly composed 
of sodium, Avhile in the cells potassium predominates The concentrations 
of total base in the rwo media are, on the whole, sufficiently ahhe, to 


THE BULLETIN 


306 


160 


E 

3 

o 

ISO- 

'S- 

CD 
t/D 

m 

pq 




130 140 150 160 

Ba>3e of cell5 


Figr J — Comparison of base in water of cells and serum 
of human blood 


give the impression that, in the cells as in serum, inorganic salts are chiefly 
responsible for the osmotic pressure Since the osmotic pressure of both 
media is the same, the concentrations of base in cells and serum should 
vary directly That this is not the case is quite evident from Fig 3, 
in which the base of serum is plotted against the base of cells It is obvious 
that serum base varies within relatively narrow limits, cell base vanes 
over a much larger range Furthermore there is no demonstrable relauon 
benveen the two At one end of the scale the rauo of cell base to serum 
base is o 86, at the other end, i 05 If these figures are to be accepted 
potassium and sodium cannot have as important an osmouc role in cells 
as they do in serum Osmotic equilibrium can exist when the concentra- 
tion of base is distinctly higher m the cells than in the serum In this case, 
presumably, a fraction of the base in the cells must be osmotically inac- 
tive (perhaps because it exists in non-ionized form) or else the serum 
must contain some unusual unrecognized components The latter is the 
less probable explanation, since the composition of serum is simpler and 
more uniform than that of cells In those instances where base is far lower 
m cells than serum, it must be supposed that other chemical substances in 
cells are bearing more than their usual share of the osmotic load Regard- 
less of the explanation, unless the analyses are incorrect— and this possi- 
bility has been abandoned after exhaustive examination of the methods— 
It appears that any variation of base m serum is attended by a proportional 
change of osmotic pressure, whereas the base of cells can vary within 
wide limits without affecting osmotic pressure 

At first sight this conclusion seems absurd because it is so much at 
variance with traditional teaching Emphasis has, in the past, been placed 
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on the average concentrations of base in cells and serum which, as you 
saw in the slide a short while back, are nearly the same Variations in in- 
dividual bloods were attributed to eriors It was to eliminate this excuse 
that Miss Hald' perfected the techniques by which these analyses were 
made On the face of it the results before you are less absurd chermcally 
and biologically than the old concepts In serum salts make up the major 
portion of the solutes, and in such a simple medium, may be expected 
to be quite completely ionized and active Osmouc comparisons with salt 
solutions and chemical comparisons with natural and artificial transu- 
dates, moreover, have demonstrated that serum meets these expectations 
The contents of the cells are far more complex and contain many sub- 
stances which do not exist in serum, but which must contribute to the 
osmotic pressure Moreover, in these cells metabolic processes are caus- 
ing continuous permutanons and combmauons of solutes Complex com- 
pounds are breaking down and being again reconstituted m a perpenial 
cycle Were there not some mechanism by which these reactions could 
be, so to speak, osmotically buffered, they would produce constant— 
someumes larse— changes m volume and water content of the cells How, 
if these occur, have they escaped observauon^ There is adequate prece- 
dent for variation of the osmotic activity of base m the combinations of 
calcium with protein m serum There must, in addiuon, be some means 
by which cells can, in times of need, accumulate stores of material with- 
out being forced to take on at the same time excessive amounts of v'^ater 
The aggregauon of glucose into large molecules of glycogen is an ex- 
ample of a reaction that must serve just this purpose Finally, this cell can 
not be so utterly impervious to base as our osmotic experiments ould 
indicate or it would be forever deprived of some of the elements that 
are essential for its vital activities It remains, then, to discover the mys- 
teries of the facultative permeability of the cell 

In an attempt to learn the significance of the changes of seriim phos- 
phate that accompany rapid movements of glucose in the body, it seemed 
highly advantageous to use whole blood for analyses rather than serum 
It had been rather generally assumed that the red blood cell membrme 
Was freely permeable to inorganic phosphate When Dr Lena Ha'pem 
investigated the subject, this proved not to be the case The distribution 
of morganic phosphate between cells and serum is quite capricious and 
does not change when potassium and sodium phosphates are added to 
blood 
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And now I should like to make a slight diversion In all the m vitro 
experiments on permeability that have been menuoned special efforts 
were made to prevent intracellular acuviues Blood was treated anaerobi- 
cally and kept cool If exchange of gases is prevented blood can be kept 
at ordinary refrigerator temperatures for from twelve to twent\’--four 
hours without appreciable change, at room temperature for from two 
to four hours If it is warmed to body temperature glucose in the cells is 
oxidized, organic phosphate esters are broken down to morgamc phos- 
phate and lactic acid is formed These reactions can be modified by ex- 
posuie to oxygen or CO2 and can be reversed by the addiuon of glucose 
Dr Halpern found that during the glycolytic process morgamc phos- 
phate passed out of the red cells into serum The process by which it 
escaped was not merely diffusion, smce phosphate was transferred to 
serum even when its concentration in the latter had been greatly in- 
creased by the addition of inorganic phosphate The escape of phosphate 
did not denote injury of the cells because the direcnon of the flow of 
phosphate could be reversed by the addiaon of the glucose It remains 
only to add that Hald found that potassium accompanied phosphate 
across the membrane It can be inferred from these experiments that the 
red blood cell is always m osmotic equilibrium uuth its environmental 
fluid, the blood serum, and responds by changes of volume and exchanges 
of water to alterations of the concentration of base in serum As long as 
It IS in the resting state, moreover, its membrane remains impermeable 
to the bases, to phosphate, to sulfate, but during metabolic activity base 
and phosphate pass in one direcuon or another, presumably in accordance 
with the needs of the cell These transfers are not accomplished by a 
mere process of diffusion and must therefore involve chemical reactions 
To demonstrate such exchanges m the body and to measure their 
osmotic effects has proved more difficult In the test tube glycolytic 
processes are accompamed by changes of blood pH, CO2 and oxygen 
that confuse the picture greatly In life it has proved hard to induce 
transfers of phosphate of sufficient magmtude to cause measurable 
changes of osmouc pressure After admmistraoon of insulin and glucose, 
in a few instances, relauvely large shifts of phosphate have been demon- 
strated by Miss Hald and Dr Margaret Dann ** "With some reservation it 
may be stated that these shifts could not be correlated m direcuon or 
magnitude with the slight transfers of water which someumes occurred 
This IS suggestive, but by no means conclusive, evidence that the phos- 
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phate and base which were transferred had little or no osmotic activirv^ 
So much time has been wasted on this red blood cell, not because of 
Its intrmsic importance, but because it is peculiarly adapted to such in- 
\ esagauons Throughout it has been recognized that it might prove qmte 
different in its reactions from other more acave cells, and therefore a 
useless model However, there u as continually growing evidence that 
some of Its characteristics were shared by muscle and other tissue cells 
These I shall not attempt to treat historically It has been generally as- 
sumed that between the active cells of the body and the blood vessels 
there is a body of fluid, the interstitial fluid, that has the composmon 
of an ultrafiltrate of serum Our knowledge of this fluid is entirely based 
on inference and information obtained in pathological conditions accom- 
pmied by transudation In the latter it must be assumed that the transu- 
dates are merely expansions of an already existent body of fluid If there 
IS intersutial fluid it should have the composition of an ultrafiltrate of 
serum, being chiefly composed, so far as inorgamc elements are con- 
cerned, of sodium and chloride Analyses of muscle tissue by Fenn,^“ the 
Egglecons,^ Eichelberger and Hastings^-- and others have proved 
that the proportions of chloride and sodium m muscle are much the same 
as those in serum and that the total quantities of these substances m muscle 
can be accounted for if about lo per cent of the muscle mass consists of 
interstiual flmd Furthermore, if isolated, living, resting muscle is im- 
mersed in sodium chloride solutions the salt apparently diffuses into about 
the same volume of the muscle Studies by Eggleton’'" indicate rliat in- 
organic phosphate, also, diffuses into about the same piopcrtion ol the 
muscle mass Urea, on the other hand, diffuses fieely thioughout all the 
water of the muscle From these experiments it v ould appear that there 
IS a barrier to the free diffusion of some solutes through muscle v hich 
distinguishes about one fifth of the tissue from the ocher four fifths 
Harrison, Darrow and Yannet^” analyzed whole animals for chloride, 
sodium and potassium They found that, if bone were excluded, the total 
quantities of sodium and chloride m the bodies of dogs, monkeys and 
rabbits could be accounted for if 20 to 30 per cent of the body u ere com- 
posed of an ultrafiltrate of serum, leaving enough potassium and mag- 
nesium to supply base for the remainder of the water in the body It 
seems not unreasonable to believe, therefore, that there is extnceUular 
fluid amounting to about one-fifth of the body'’ weight, and that the re- 
mainder of the water in the body, within the cells, is almost, if not quite. 
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devoid of sodium and chloride Eichelberger and Hastings^-* “ ha\ e 
shown that this hypothesis affords an adequate evpianaaon for the 
changes m the composioon of muscle that are produced by injections of 
normal salt solution, by alkalosis and acidosis and by various dehydrating 
measures which alter the osmouc pressure of the serum and, therefore 
cause the muscle cells to swell or shrmk 

To make the analogy to the red blood cell still closer. Pollack, Flock, 
Mason, Essex and Bollman^® perfused isolated hmd limbs of dogs with 
blood to which they added morgamc phosphate Analyses of the muscles 
showed that the morgamc phosphate did not diffuse mto the cells, never- 
theless, vTen glucose and msuhn were added to the perfusate the con- 
centraaon of phosphate esters in the muscles increased Presumably, 
then, under the sumulus of metabohc acaviaes chemical processes were 
activated which conveyed phosphate across a cell membrane which it did 
not ordinarily traverse Fenn and Cobb^“ and Thaleff® have found that 
potassium can be made to escape from muscle by various measures such as 
exercise and hemorrhage Fenn has concluded that the membrane is al- 
ways permeable to base, but not to amons, and attributes these exchanges 
to alteraaons of pH, which have not always been demonstrated-® It 
seems quite as possible that they are expressions of metabohc acaviues 
within the cells 

The apphcation of these prmciples to the analysis of phenomena of 
human physiology and pathology in a truly quanatauve sense begins 
with Gamble’s-^ classical studies of the salt metabolism m fasnng and 
acidosis Although I shall not dwell on these in detail I cannot refram 
from paying him tribute for the mspiration he has given to all those who 
have worked on problems of salt and water metabolism Gamble recog- 
mzed the importance of distinguishing berween extracellular and intra- 
cellular losses of water and salt and demonstrated the disasters that come 
from reducing the osmouc pressure of the body fluids by depletmg them 
of salt He also demonsuated the tenacity w ith which osmouc pressure 
IS maintained in the face of metabolic disorders He pointed out the m- 
tracellular segregation of potassium and the extracellular dismbuuon of 
sodium and chloride, and the possibility of distinguishing by balance 
studies the source of losses of cations and water It was not, however, 
possible by the techmque which he employed to allocate these canons 
with accuracy nor to measure directly the relauve changes in volume of 
intersutial and cellular fluids The chief difflculty in this respect lay in 
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the fact that, even if sodium is entirely confined to the extracellular fluids, 
changes in its concentration, because they alter osmotic pressure, will 
disturb the distribution of water between cells and interstitial fluid 
This is illustrated m Fig 4 In the first part are shmvn two solutions, 
each contaimng base in a concentration of 1 50 mfllimols per hter, sepa- 
rated by a membrane which is pervious only to water If enough salt is 
added to the smaller compartment to increase the osmolar concennanon 
hy 1 3 miUimols, water will enter from the largei coriparmient until the 
osmolar concentration is agam equalized At this pomt, pictured in the 
second part of the figure, it will be found that, smce the ultimate osmolar 
increment m both compartments is idenacal, the effect on the concentra- 
tion of salt m either compartment wiU be the sarne as if tlie salt had 
diffused freely through the membrane The volumes ot the t\'m com- 
partments have changed, but those changes of volume carmot be de- 
tected by the usual methods of chemical examinaaon which measure con- 
centration only 

Theoretically this difficulty could be circumvented by a simple ex- 
pedient If, mstead of one substance, two substances were used, w'hich 
originally existed in plasma m different concentranons, it should be pos- 
sible by simultaneous equations to determme how far they w^ere diluted 
by water derived from the cells or concentrated by passage of w ater 
into the cells The two substances chosen wmre sodium and chloride I 
shall not tire you now with the details of the experiments w Inch ha\ e 
been published by Lavietes, D’Esopo and Harrison "" Suffice it to say 
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that the concentraoons of chloride and sodium did not differ enough 
to permit accurate deductions from clinically practicable procedures in 
any but extreme cases The results were, however, sufficiently compati- 
ble with our premises to stimulate new endeavors 

Some method of measuring the mterstitial fluids Avas obviously 
needed Substances must be found which were not normal constituents 
of serum and which would pass freely through vascular walls without 
penetrating cells To make a long story short, after searchmg the litera- 
ture and considering the adventures with red blood cells, three substances 
were selected that seemed likely to meet requirements sulfocyanate, 
which Crandall and Anderson"^ had shown diffused through about zo 
per cent of the body, sulfate and sucrose, neither of which penetrated 
the red blood cell All these substances can be quantitatively recovered in 
the urine, proving that they are not subjected to chemical or metabolic 
changes For various reasons none proved quite ideal for the purpose for 
which It was intended Sulfocyanate enters red blood cells and apparently 
combines to some extent with the lipoids of blood plasma, sulfate and 
sucrose are excreted too rapidly by the normal kidney In addmon sulfate 
figures must be corrected for endogenous serum sulfate as well as en- 
dogenous sulfate excretion Nevertheless some encouraging measure- 
ments were made by Lavietes, Bourdillon and Klinghoffer The prin- 
ciple of the methods was quite simple The test material was injected 
(or, in the case of sulfocyanate, someumes mgested) After an appro- 
priate interval samples of blood and urine were collected and analyzed 
for the test substance The total amount injected minus the quantity 
excreted, divided by the concentration in the water of serum, will give 
the volume of fluid m which the material is dissolved if it is distributed 
through this field in a uniform manner Results of certain comparisons 
of the distribution of the three test substances are given in Table IV 
When the objections to the three substances are considered, the agree- 
ment appears highly satisfactory It is hard to escape the conviction that 
there is a barrier which separates the fluids of the body in a broad way 
into two compartments, of which one, into which these substances 
chiefly or solely diffuse, makes up roughly 20 to 30 pei cent of the body 
weight, for that is what these figures imply in terms of the total body mass 
An attempt has been made more recently by Purple and Lavietes**’ to 
utilize the same principle for the measurement of the total water of the 
body For this purpose urea, because of its known umversal diffusibility. 
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seemed the most suitable test substance However, because of the amounts 
of endogenous urea in the blood and the \ ariabilitv of endogenous urea 
formanon and e\cretion and the diuretic effect of uiea, it proied dis- 
appointing In Its place thio-urea was chosen This compound possesses 
most of the chemical and physiological properties of urea, and is excreted 
completely, unchanged, in the urine It might be considered as a labelled 
urea molecule Unfortunately specific quantitatn e chermcal methods for 
Its detection and measurement are not highly sensitive, theiefore large 
quantities of the compound had to be given, so large as to cause serious 
gastric symptoms However, before the connection of these symptoms 
with the drug was established, measurements of total fluids v/ere made 
on two normal persons and one patient The \ olume of distribution v aried 
from 68 to 70 per cent of the body weight, values consistent with ac- 
cepted conceptions of the water content of the body Attempts are now 
being made to refine the analytical techmqiie so that the method may be 
made climcally feasible 

Meanwhile, smce the experiments with sulfocyanate, sucrose and sul- 
fate gave reason to believe that sulfate did not enter cells, it occurred to 
Bourdillon and Lavietes*® that the distribution of sodium could be traced 
more accurately if it were mjected m the form of sodium sulfate ear- 
marking the exogenous sodium 10ns, so to speak Large quantities of 
hypertonic sodium sulfate were, therefore, injected mto normal subjects 
Blood serum before and after the injections was analyzed foi sulfate 
chloride, bicarbonate, base or sodium, and protein In addition oxwgcn 
capacity and cell volume of whole blood w ere measured, and arine v as 
analyzed for potassium, sodium, chloride and sulfate Finallv sodium sul- 
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focyanate was given in advance of the experiments to serve as a check 
upon the volume of the interstitial fluid Time was not given for the 
sulfate to become completely distributed because this would have per- 
mitted the excrenon of too much of the salt The results of one such ex- 
periment are shown m Table V The first column represents condmons 
before the injection, the second column after the injection, the third 
column the changes in the blood as the result of the mjecuon, and the last 
column the ratio of the final volume of the mtersutial fluid to the initial 
volume, estimated by a variety of methods The quantities of sodium, sul- 
fate and water retained are calculated from the amounts given, corrected 
for the quantities excreted in the urme At first sight it might be antici- 
pated that, smce equal quantities of the txvo ions were injected and equal 
quantiues were excreted, the concentrations of base and sulfate in serum 
would increase to the same extent Actually sodium rose only 5 7 milh- 
equivalents, while sulfate rose 14 8 milliequivalents If however, atten- 
tion IS turned to chloride, it is seen that this fell 5 4 miUiequivalents, al- 
though negligible amounts of chloride appeared in the urine It would 
appear, then, that the body of fluid contaimng chloride was diluted to 
the extent shown in the last column, 5 8 per cent Comparison of the 
sulfocyanate figures indicates that the volume of the interstitial fluid in- 
creased from 16 2 to 17 I liters, a difference of o 9 liters or 5 5 per cent 
If It be assumed that sodium was restricted to the same body of fluid, the 
sodium originally in this fluid must have been diluted just as much as 
the chloride At the end of the injection it should have fallen from its 
origmal concentration of 148 8 to 140 5 If this value, which is placed 
between the first two columns, is subtracted from the final figure 1 54 5 
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the actual increment of exogenous sodium is found to be 140 milli- 
equivalents, an extremely sausfactory agreement with the 148 milh- 
equivalent increment of sulfate If it be assumed that the mcrements of 
base and sulfate were identical it can be estimated from the changes of 
sulfate and sodium that the mtersatial fluids expanded 6 5 per cent The 
data ire, then, entirely compatible with the theory that sulkte, chloride, 
sodium and sulfocyanate -were distributed over an identical fraction of 
the total M ater in the body and that this fraction, approximately one 
twentieth of the body mass, increased in volume by about i liter If it did 
expand to this extent some of the extra water must have been acquired 
from other parts of the body, because the xmlume added by the infusion, 
when corrected for that excreted in the urine, amounted to only about 
200 cc The simplest explanation of the facts, in view of other evidence 
that has been adduced, xvould seem to be that the sodium sulfate entered 
only the extracellular fluids Because it increased the osmotic pressure of 
these fluids water xvas xvithdrawn from the cells to restore osmotic 
equilibrium It is possible to calculate that, if this was the case, the cellular 
fluid volume was about twice as large as the extracellular This experi- 
ment is one of those in xvhich it wms earlier shoxvn that the red cells 
contracted in proportion to the increase of base m the serum, about 4 per 
cent The estimated contraction of the tissue cells falls somewhat short 
of this, xvhich IS to be expected since comparison of sulfate and sulfo- 
cyanate distributions in column 2 show's that the adjustments occasioned 
by the injections of salt had not yet come to equilibrium This is only 
one of the most complete of a consistent series of experiments by Bour- 
dillon and Lavietes 

In general, then, tissue cells appear to resemble red blood cells m their 
behavior There is some evidence that sodium may be more completely 
excluded from the tissue cells and that these cells are almost, if not quite, 
devoid of chloride Furthermore, these two 10ns are effectix'ely excluded 
from the cells When the concentration of sodium in the interstitial fluia 
changes, osmotic equilibrium is restored by transfers of xvarer to or 
from the cells without transfers of base ISIo exidence has been adduced 
that base is admitted to or discharged from the cells in behalf of osmotic 
equilibrium per se If these inferences are justified the niamtenance of 
the osmotic integrity of the interstitial fluids should be of prime impor- 
tance to the function of the cells, xvhich must imbibe xx ater and sxx'ell 
every time the concentration of sodium in the serum falls, or shnxel 
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whenever it rises The concentration of sodium in the interstitul fluids 
controls, however, only the load of water in the cells, that is the dilution 
of the cellular constituents The actual quantities of these constituents 
in the cells— or at least the inorganic components— appear to be contiolled 
by entirely different mechanisms The impermeability of the resting cell 
to potassium, phosphate and other chemical substances is an essential pro- 
tective property It is equally essential that there be some means to un- 
lock the barrier when need arises in the cells for more of these materials 
or for the discharge of any excess Apparently the key to the bairiei is 
entrusted to the metabolic processes of the cells, thus insuring uito- 
maticity 

Although potassium is the predominant base of all cells, including the 
red blood cell, it is quite as impossible to drive potassium as it is to drive 
sodium across the membrane of the restmg red blood cell This may not 
be true of other cells Bourdillon*^ has found that when potassium 
chloride is gn^en by mouth, the potassium distributes itself through a 
larger volume of fluid than the chloride does, a volume that approaches 
the total amount of fluid m the body It seemed possible that the potas- 
sium might be absorbed from the gut more slowly or less completely than 
the chloride But, when Wmkler (unpublished studies) gave potassium 
chloride intravenously he obtained similar results The increments of 
serum potassium and chloride in these experiments, which weie con- 
ducted on human subjects, are small, but the differences in the increments 
are consistent and unmistakably significant Moreover, in similar experi- 
ments Bourdillon found that, after sodium chloride, increments of sodium 
and chloride were the same These experiments, if they are substmnated 
by further work, can only mean that inorganic potassium, when it gams 
access to the mtersntial fluids, passes freely into the cells Since exogenous 
potassium is excreted quite rapidly, it must escape from the cells with 
the same ease The red blood cell model at this point fails Of course the 
potassium xvhich cannot be found in the interstitial fluids may seek other 
repositories than the cells To jump to this conclusion at once is quite un- 
justifiable It is equally unjusafiable to assume that the mere increise of 
potassium in the interstitial fluid imtiates some metabolic disturbance by 
which It is conveyed into the cell Smce the volume of distribution of 
the potassium approaches the total fluid of the body, the simplest hy- 
pothesis is that inorganic potassium diffuses freely across the cell mem- 
brane In this case, the intrinsic potassium of cells, since it does not diffuse 
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outward, must be restrained from free diffusion by some force other 
than the mere impermeability of the envelope of the cell 

This ivould not be incompatible with any of the facts thus far pre- 
sented So long as sodium is ionized and cannot gain access to the cells, 
changes of its concentration must control the size and water content of 
the cells If morganic potassium can diffuse freely between cells and m- 
terstmal fluid it w^ould have no influence upon the distribution of water 
This fraction of potassium is quite small The great mass of potassium 
may be relatively non-iomzed, combined wath organic phosphate esters 
and protein Presumably this would be in equilibrium with the moiety of 
ionized morgamc potassium and, therefore, not entirely unaffected by 
the concentration of the latter Its concentration would, however, de- 
pend far more upon the material available for the formauon of the com- 
pounds in which It IS found, of ivhich phosphate is presumably one of the 
most important components Since phosphate can enter or leave the cell 
only under the stimulus of metabolic processes, movements of potassium 
would be conditioned by these same metabohc processes which control 
phosphate All this discussion of potassium is, of course, highly specula- 
tive in comparison ■with the preceding discussion of sodium, which is 
experimentally documented It is, however, consonant with the physio- 
logic and pathologic data now available 

Gamble*^ found that in the dehydration of starvation acidosis potas- 
sium as well as sodium was wasted This he connected first with losses of 
protein and glycogen from the cells Later"® he discovered that potas- 
sium was sacrificed also in the diuresis evoked by acidifymg saits, this 
time without appreciable losses of carbohydrate or protein It seemed 
possible that wastage of extracellular sodium might itself pros oke the 
discharge of potassium from the cells and that this might serve to miti- 
gate the effects on the cells of altermg the amount of salt in their environ- 
ment Nevertheless, m experiments by McCance®® in which the sodium 
of the body was greatly depleted by withdrawal of salt from the diet 
combined with sweatmg, potassium losses were quite insignificant In 
these experiments it was estimated that at least 25 to 30 per cent of the 
sodium and chloride m the body was withdrawn and the concentraoons 
of these substances m the serum fell 10 to 15 milhmols 

In Addison’s disease and m some animals after adrenalectomy sodium 
Wastage is accompamed by retention of potassium This retention, ac- 
cordmg to the balance studies of Harrop and his associates,® causes no 
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immediate rise of serum potassium The potassium which is retained 
apparently- enters, or becomes imprisoned in, the cells Harrison and 
Harrow,^- by analyses of the ossues of rats, animals which do not waste 
sodium, have shown that after adrenalectomy cellular potassium increases 
without a comparable mcrease of water If this is verified, it exemplifies 
the accumulation in the cells of osmoticaUy inactive potassium It also 
suggests that removal of the adrenals gives rise to a widespread derange- 
ment of cellular metabohc processes It has been demonstrated further 
that adrenalectomized dogs are benefited by restricuon of potassium 
m the diet and can be thrown into shock by the admimstration of po- 
tassium salts This IS consistent with the hypothesis that the mtrinsic 
potassium of the cells is affected by the supply of morganic potassium m 
the interstitial fluid These discoveries of the role of potassium detract in 
no respect from Loeb’s^^ discovery that in man and many animals ab- 
sence of the adrenal cortex causes depletion of sodium and symptoms 
that can be relieved m whole or in part by admimstrauon of sodium 
salts Harrison and Harrow’s rats, in spite of the fact that they did not 
waste sodium spontaneously, proved more susceptible than normal rats 
to withdrawal of sodium Moreover, when the sodium m their interstitial 
fluids fell, the tissue cells swelled, proving that they had lost none of 
their capacity to respond osmoticaUy 

A recent unpublished study by Klinghoffer and Lavietes of a patient 
with Addison’s disease may be reported with a certam amount of reserve 
He proved to be on the verge of a crisis and, by the time the three-day 
study was completed, required cortical extract to revive him Through- 
out the whole period of observation, therefore, he xvas sinking deeper 
mto shock m spite of vigorous admimstration of salme From Table VI 
it can be seen that the concentration of sodium in the serum was only 
slightly reduced and potassium xvas normal as were also chlonde— and 
bicarbonate which does not appear m the table Moreover, because of the 
vigorous therapy they did not change appreciably There xvas a large 
positive balance of sodium and chloride and a smaller negative balance of 
potassium During this period (see Table VII) the volume of the inter- 
stitial fluid, measured by sulfocyanate, rose from 20 o to 24 7 kgm , an 
increase of 4 7 kgm Estimations by means of the sodium and chloride 
balances indicated increases of 3 2 and 3 8 kgm respectively The agree- 
ment IS not perfect, but satisfactory enough under the circumstances It 
seems reasonable to believe that the volume of the interstitial fluid in- 
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Tvole VI 

Sodium and potassium balances in a case 
of Iddtson s dftea^c 


Compoiition of serum ■u,ater 
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Potassium 
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Chanqei in distribution of u-ntor in 
caie of Addison's dtienie 
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Interstitial fluid 
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+3 2 
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+3 5 
+15 

Fluid recened from cells 

Cellular base loss e\pected 
Potassium loss observed 


+2 0 
m eq 

230 to 300 

100 

A-Ccumulation of cellular K 


150 to 200 


creased 3 or 4 kgm At the same time the patient’s weight mcreased only 
I 5 kgm Therefore the mterstiaal flmd received about 2 kgm of water 
from the cells But ^vlth this 2 kgm of water only about 100 miUi- 
cquivalents of potassium were lost, a far smaller amount of potassium than 
even the most conservative estimates would credit to this quantity of 
cellular water This suggests that potassium became more concentrated 
in the cells Analyses of blood (Table VIII) showed that the concen- 
ttauons of potassium and potassium + sodium m the red blood cells were 
far higher during this crisis than they were a month or two later when 
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TvBtE VIII 
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Xa -f. K 

163 2 

lost 

125 a 

123 3 


the patient was m excellent condition Too much emphasis should not be 
placed upon these quanatauons, especially those that deal with the con- 
centrations of base in the red blood cells, because just before the patient 
died a few days ago in another crisis, the potassium and sodium of his 
red blood cells had not risen again Hov ever, on this occasion sodium 
of the serum was distinctly lower It may be of some significance that in 
the balance studies water and electrolytes moved m the direcuons that 
the experiments of Harrison and Darrow ould lead one to anticipate 

In another series of experiments Yannet and Darrow^*' have show n 
that hyperthermia causes similar osmotically inactive accumuiauons of 
potassium in cells, but in this case the changes are restricted to the central 
nervous system 

Depleaon of serum sodium is extremely common in clinic il medicine 
It IS regularly encountered in the states of dehydration which result from 
severe vomitmg, diarrhea or gastro-intesunal fistulae, in diabetic icidosis, 
in water intoxicanon, in lobar pneumoma, in terminal stages of nephritis, 
and sometimes with no discoverable cause It has been too generally as- 
sumed that in all these conditions as well as Addison’s disease depletion 
of base has the same quantitative and qualitative effects Nevertheless, 
those who have compared, in any large series of pauents, the concentra- 
tions of electrolytes in the serum with the physical condition, must hive 
been impressed with the wide range of symptom itology associated ivith 
deficits of base and with the variability of the response to restoration of 
the concentration of salt in the serum The dramatic condition of the 
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patient m the crisis of Addison’s disease differs strikingly from that of 
the person who has lost sodium by the vomiting of pyloric stenosis, 
diarrhea or diabetic icidosis Mere replacement of sodium and water in 
a severe crisis of Addison’s disease may be little more than a futile ges- 
ture, I suspect that the administration of cortical extract in pvloric 
stenosis or diabetic acidosis would be equally fruitless 

In advanced nepliritis the sodium of serum may become greatly re- 
duced Frequently such salt deficits are attended by disturbances so pro- 
found that the condition has been named “uremia from lack of salt” If 
the advanced nephritic is given a salt poor diet, especially if large amounts 
of fluid are also administered, both base and chloride of the serum will 
fall and the weight w'^ill usually diminish Appetite and thirst may fail 
and the blood non-protein nitrogen often rises even if no more serious 
symptoms develop We have reported^' a nephritic who displayed this 
tendency to waste sodium to such an extent that when he w'-as given as 
much as 15 gm of sodium chloride daily, the chloride of the serum rose 
only to the upper normal limit, 105 m eq When salt was withdrawn it 
fell gradually to 85 m eq , at which point the total base of the serum w as 
only 125 m eq That is, both sodium and chloride were almost 20 m eq 
below normal, reductions quite as great as those encountered m the crises 
of Addison’s disease In spite of this extreme silt depletion and the hypo- 
tonicity of his serum the patient felt none the worse and exhibited none 
of the symptoms which commonly accompany such salt deficits The red 
blood cells in this case swelled in direct proportion to the reduction of 
base, and from studies of the electrolyte balance it may be inferred that 
the tissue cells behaved similarly'" Freedom from symptoms cannot be 
attributed to any peculiar compensatory reaction which protected his 
tissues from the reduction of osmotic pressui e One pecuhar feature was 
noted Thirst did not flag when salt wms withdrawn and the body weight 
varied only 2 kgm m the course of the experiment He did not suffer the 
dehydration which usually follows salt restriction in advanced nephritis 
Winkler and Crankshaw^® have recently reported a series of patients 
with advanced pulmonary disease, especially tuberculosis, who exhibited 
a pecuhar tendency to waste sodium and chloride in the urine and w ho 
had persistently low concentrations of these substances in the serum The 
Conditions could easily have been confused with Addison s disease except 
that salt depletion m these cases had no spectacular consequences 

Further examples of the variable effects of salt deficits could be mul- 
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tiplied to no great advantage If I should dare to differ from Gamble in 
any important respect it would be to challenge his statement that the 
concentraaon of base m the mtersutial flmds is more jealously guarded 
than IS the volume of these flmds Unfortunately this doctrine is one 
to which I so long adhered that it ill befits me to do more than confess my 
own error Apparently, m this as m other matters, circumstances alter 
cases and it is incumbent upon us to mquire into the circumstances The 
determination of concentraaons of salts in the serum is a umdimensional 
measurement This must be supplemented by measurements of the vol- 
umes of the flmds m which those salts are dissolved if precise mformation 
IS to be secured about ammals which have tliree-dimensional bodies Even 
this does not suffice the allocation of these fluids and solutes between the 
various compartments of the body cannot be neglected Among these 
compartments the blood stream, the intersoual fluids and the cells must 
be separately considered Although the blood serum is only part of the 
interstioal fluid, the shock of hemorrhage and the edema of heart disease 
or nephrms can leave no doubt that the distribution of flmd benveen the 
subdivisions of this general system is of great moment Hanley’s and 
Starling’s circulations cannot be forgotten Mere expansion of the inter- 
stiaal flmd as a whole seems to cause httle disturbance, but considerable 
reduction of its volume, even without change of composition, is not so 
well tolerated Changes of its osmouc pressure (1 e , the sodium concentra- 
tion) usually, but not mvariably, provoke serious symptoms AVhy there 
should be exceptions remams to be discovered Are the untoward effects 
of base depletion entirely referable to changes m the volumes of the cells 
as has been suggested^ How large a part must be attributed to the con- 
comitant loss of mterstitial flmd Math which base depletion is usually 
associated^ Do those who apparently escape evil effects escape because 
the volume of the circulatmgj blood or the interstitial fluid remains rela- 
tively unaltered, or by virtue of some compensator}’" transfer of base or 
by the mactivaaon of previously acuve osmouc components of the cells^ 
Finally, what are the processes that unlock the cellular membranes and 
possibly alter the osmotic activity of the cellular constituents and how 
can they be controlled^ 

It is haltmg first attempts at dynamic measurements of the distribuuon 
of flmds and salts and the forces that govern them \vhich I have tried to 
describe tomght Tentauve mferences have been drawn of which it is 
hoped that some at least may survive the acid test of further mvesugauon 
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CANCER OF THE GASTROINTESTINAL CANAL ‘ 

The Bitlkley Lectin e 

C\RL Eggers 

Prolc^^or ot Chnicil Surger> New \ork Post Gr-iduatc Medical School 
Cohimbi-i Lni\ersit\ 

IT\L STATISTICS indicate that next to heart disease cancer 
IS the most common cause of death Constant vigilance 
to pro\ ide earlier diagnosis and treatment is essenaal if 
a larger number of patients are to be saved from an un- 
timely death One of the chief obstacles in the fight 
against cancer is the pessimism concerning its curability which is so 
prevalent among laymen as well as a great many membeis of the medical 
profession A knoxvledge of actual results w hich are obtainable by good 
surgery in reasonably early cases will go far in replacing such pessimism 
by a healthy optimism Educational campaigns are essential to dissemi- 
nate known facts The American Society for the Control of Cancer has 
set Itself the task of educating the general public in the symptomatology 
of cancer and urgmg medical consultauon To educate the doctor in 
properly evaluating early suggestive symptoms and signs is the duty of 
medical orgamzations and institutions Much is bemg done in this respect, 
but in spite of this, patients xvith untreated cancer contmue to present 
themselves with malignant growths m such an advanced state that tire 
tumor is irremovable and any thought of cure has to be abandoned 

In analyzing the reasons for this one may place patients into one of 
three groups 

(a) Those in xvhom the cancer comes on so insidiously that no 
variation from the normal is noticed until it has reached a stage of 
growth and dissemination which precludes surgical removal Such cases 
will always occur and no amount of education can prevent them 

(b) Patients who present a history strongly suggesnve of cancer 
and \\ ho give the examiner the very definite impression that if they had 
consulted a physician at the first appearance of symptoms, their fives 
might have been saved This group may gradually be reduced by 
cancer campaigns 

Dcli\cred Januarj 14 19 j 8 in the Frida> Afternoon Lecture Sene 
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(c) In the third group are included those patients who consulted 
a physician on the first appearance of symptoms or signs, but in whom 
the importance of these symptoms was not appreciated A harmless 
looking or feeling lump may have been dismissed with the remark 
“just a little gland, as long as it does not hurt, do not bother ibout it” 
A discharge may have been treated with a douche without investi- 
gating Its source For symptoms of indigestion prolonged medicinal 
treatment may have been insatuted instead of diagnosuc tests An 
x-ray examination may not even have been considered It is this group 
of cases which is put squarely at the door of the doctor It is our duty 
and responsibility to educate ourselves so that this group will become 
steadily smaller To do so it is necessary to keep the subject constantly 
before the medical profession This has been recognized by many ind 
efforts are being made all over the country to help reduce cancer mor- 
tality by properly directed educational campaigns 

The late Dr L Duncan Bulkley, a disanguished member of this 
Academy, and a well-known dermatologist, who was intensely inter- 
ested in cancer, was one of those who recognized the value of post- 
graduate education in this branch of medicine He established the 
Bulkley Lecture at The New York Academy of Medicine m 1929 for 
the purpose of annually bringmg some phase of this vital subject to the 
attention of the general practitioner 

AVe can tell you nothing new nor startling for the knowledge 
concerning cancer has been built up gradually Many men have con- 
tributed to It until today it is manifest that the application of this knowl- 
edge saves many lives which were formerly lost 

Cancer of the gastrointestinal tract is a large subject for one 
lecture It is realized that the inclusion of the esophagus, stomach, the 
entire intestines, especially the colon and rectum, makes it impossible 
to go into great detail Nevertheless it was thought advisable to present 
It in this comprehensive way in order to bring out certain perunent 
points concerning symptomatology, laboratory findmgs and treitment 
which are common to all parts of the canal 

The chief functions of the gastrointestinal tract are the digesnon 
and absorption of food and the eliminauon of the non-used waste prod- 
ucts An important associated funcaon therefore must be the regular 
propulsion of its contents through the canal xLny interference with 
this mechanism leads to disturbances which manifest themselves as 
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symptoms These disturbinces in turn may initiate other symptoms or 
physical signs Carcinoma tends to narrow the lumen of the alimentary 
canal wherever it happens to develop This produces interference with 
the propulsive mechanism, hence symptoms due to some degree of 
disturbance of the mechanical function are the most likely This in 
turn leads to interference with normal secretion, absorption and elimma- 
non and imtiates a symptom complex of nutritional disturbance which 
produces weakness and loss of weight 

The entire gastromtestinal canal is about twenty-five to thirty feet 
m length, of which only nine to ten inches form the esophagus and a 
similar length the stomach Of the remainder, four-fifths form the small 
mtesnnes and one-fifth the colon and rectum 

The lumen of the canal varies a great deal in size and it appears that 
cancer is most common where it is narrow and offers opportumr\'’ for 
stagnanon and irritation The rarity of cancer of the small intestines is 
explamed on the theory that its fluid contents float along a fairly uni- 
form lumen aanthout obstruction and irritation This theory^ accords 
with our present day conception of the etiology of cancer which seems 
to point to chrome irritation in a susceptible individual as the most 
likely cause In all locations of the gastrointestinal tract in v hich cancer 
IS commonly encountered such factors can usually be adduced 
In the esophagus coarse and poorly masticated food, \ery hot or 
other irritating food, may produce cell changes at the physiological 
narrowings In the stomach improperly masticated food, changes m 
secretory activity with spasm, retention and irritation may well play 
a role In the colon stagnation with formation of toxins and secondary 
irritation offer a fertile field for the development of cancer 

Figures concerning the incidence of cancer vary a great deal, depend- 
ing on the source, whether from clinical medical, surgical or autopsy 
material According to the vital statistics of New ’^ork City for 193d, 
cancer of the esophagus constitutes about 3 i per cent or all cancers, 
cancer of the stomach 17 2 per cent, cancer of the small mtestmes o 2 
per cent, cancer of the colon and sigmoid 1 2 7 per cent and cancer of the 
tectum and rectosigmoid 7 2 per cent 

The proportion to all cancers of the gastrointestmal tract is about 
d I per cent in the esophagus, 338 per cent in the stomach, o 4 per cent 
m the small mtestmes, 25 i per cent in the colon and sigmoid, 14 2 per 
cent in the rectum and rectosigmoid 
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Except in the esophagus and in the anal canal, which are lined with 
squamous epithelium and usually give rise to epithelioma or epidermoid 
carcinoma, all cancers of the gastrointestinal canal are adeno-carcino- 
mas They arise from the columnar epithelium hmng the entire tract 
Though they have the same origin, there is considerable difference in 
the gross as well as in the microscopic appearance of these tumors 
Some are small, somewhat pedunculated or polypoid, project into the 
lumen and do not early penetrate into the wall Others form flat serpi- 
ginous ulcers with overhanging edges and have a great tendency to 
penetrate the gut wall Still others form large bulky masses or verv 
small scirrhus tumors Gelatinous or mucoid degeneration may take 
place and still further complicate the picture An explanation for this 
behavior is to be found in the normal difference of cells in the various 
sections of the alimentary canal, in the virulence of the cancer cells, as 
well as in the reacuon of the host to the invasion of malignant cells 
The difference in development of cancers of the gastrointestinal 
tract explains some of the differences in their clmical manifestations as 
well as in then course and prognosis It is known that the papillary 
types of tumor which project into the lumen offer a more favorable 
prognosis than those invading the wall and involving the peritoneal 
coats, and they are of a lower grade of malignancy However it is not 
only the lower grade of malignancy which makes them more favorable, 
but the fact that they may give rise to bleeding, or if favorably situated, 
produce intestinal obstruction and thus become recognized before in- 
vasion of lymph nodes has taken place The small scirrhus cancers on 
the other hand are frequently not recognized until very late They gi\ e 
rise to no bleeding and the increasing constipation receives scant atten- 
tion except an increase in the dose of a laxative until acute intestinal 
obstruction supervenes Then agam large massive tumors may give rise 
to bleeding or obstruction and in addition to that they may be palpable 
The early symptoms produced by a malignant growth are unfor- 
tunately so vague that they are difficult to recognize If allowed to go 
untreated, the outstanding symptom common to nearly all cancers of the 
gastrointestinal tract is obstruction, but as we have just explained, this 
symptom may appear early or late Thus a growth developing at a nar- 
row portion of the canal, and projecting into the lumen may produce a 
mechanical obstruction and lead to recognition early A similar growth 
developing in a wide portion of the canal may grow to a large size. 
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perhaps never lead to obstruction and become recognized chiefly because 
of Its bulk, or because of bleeding, or breaking down with resulting 
to\eniia or anemia 

It IS usually some degree of obstruction, vague though it be, which 
first attracts the patient’s attention Whether tlus obstruction is m the 
esophagus, the stomach, or the intestines, spasm is immediately added to 
the mechanical factor, and congestion with more or less stagnation 
results Added to this are secretory changes, disturbed digesuon and a 
whole train of symptoms depending on the location and extent of the 
lesion 

The diagnosis of early lesions depends to a large degree on the 
alertness and experience of the examining physician Does he on the 
basis of symptoms presented suspect carcinoma^ It cannot be stressed 
too often how important it is not to overlook what appear to be vague 
or ummportant symptoms such as loss of appetite, indigesuon or any 
change in the bowel habit 

Changes in function due to some narrowing of the lumen are the 
most important They may not approach actual obstruction but be 
sufficiendy marked to temporarily delay the passage of food or intestinal 
contents Depending on the location one may have discomfort or diffi- 
culty with swallowing, fullness in the stomach associated w ith belching, 
nausea and occasionally vomiting, anemia due to bleeding, absorption 
of retained material or products of the tumor, possibly consupation and 
diarrhea alternating, or difficulty with gas 

Many of these lesions bemg ulcerative, there may be blood, either 
in the vomitus or in or on the feces It may be in small quantity detected 
only by chemical tests, or it may appear grossly Chemical tests, espe 
cially gastric analysis may be helpful in determining altered secretion, 
products of stagnation, or blood 

At times one may be able to feel a mass, either m the stomac , 
colon, or rectum The presence of a palpable tumor does not mean that 
It IS not removable and should never act as a deterrent to operauon 

One may brmg a lesion mto view with the aid of an esopha^oscop-, 
gastroscope or proctoscope 

by far the greatest aid in the detection of lesions of the ^astro 
intestinal tract are roentgen examinations This is true particu ar y 
those cancers which are inaccessible to palpation or mstrumennl exam 
inanon If done with the proper technique the percentage o 
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slight Most roentgenologists have developed methods of exammauon 
which in their hands rarely fail to demonstrate an existmg defect It 
has seemed to us that the greatest jusuficanon for criticism of procedure 
in the diagnosis of cancer of the gastromtestmal tract hes in the fact 
that roentgen examination is not resorted to sufBciently often With 
only slight symptoms, even though suggestive, a physician hesitates to 
subject a paaent to the expense mvolved, and as a result the lesion pro- 
gresses from a curable one to one less favorable The important thing 
to bear m mind and to teach, is to have x-ray exammations made at the 
first sign of trouble and not to wait until the patient presents a typical 
picture of advanced disease To make such examinations more easily 
possible for everybody may well be the goal of all those interested in 
Pubhc Health Any or all of these exammations may be imtiated after 
a good history and physical exammation have made one suspect the 
presence of cancer One should not rest until the lesion has been found 
or definitely ruled out In case that is not possible, careful observation 
and re-examination at a later date are mdicated 

Treatment consists of destruction or removal of the growth Destruc- 
uon is applicable only in readily accessible tumors, and may be carried 
out by means of radium, Roentgen rays, actual cautery or surgical dia- 
thermy In spite of the fact that some tumors are radiosensitive, radia- 
tion therapy has so far not attained the results w'hich had been hoped 
for At the present time surgical removal offers the best chance for cure 
Only in very favorable cases may one at times carry out local removal 
with a satisfactory result Usually radical resection of the tumor with 
sufficient normal tissue surrounding it, and a poruon of gut above and 
below the lesion, and including the lymphaac drainage area, is the 
operation of choice 


Cancer of the Esophagus 

Owing to the deep situation of the esophagus, and its maccessibihty 
to ordinary vision or palpanon, the older methods of exammation were 
lirmted, and treatment likewise restricted Following the advent of the 
Roentgen rays and the esophagoscope, exact diagnosuc methods have 
been developed, and the successful treatment of carcmoma has ad- 
vanced considerably 

Cancer of the esophagus may occur at any level, but has certain 
sites of elecnon which correspond with the physiological narrowings 
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The onset is insidious and for this reason medical aid is rarely souo-ht 
until d^ sphagia has become manifest Even then, this symptom is often 
not gn en the necessary attention and the disease is allowed to progress 
until regurgitation of food, salivation, pain and loss of weight occur 
\11 of these symptoms are late manifestations and explain, in part at 
least, mIiv surgeiy foi cancer of the esophagus has not made more 
progress 

The chief obstacle to early diagnosis is the vagueness of symptoms 
One has to be mentally alert when a patient with slight difficulty during 
the act of deglutition presents himself Suspecting a lesion and referring 
the patient to a competent roentgenologist and endoscopist momenta- 
rily ends the physician’s responsibility at this point It is better than to 
resort to bouginage xvith its attendant dangers of irritation and possibly 
perforation In experienced hands the diagnosis is usually made easily 
by means of roentgenograms, x\ hich m a typical case show an irregular 
deformirs’- with slight dilatation above it This should be supplemented 
by an esophagoscopy and biopsy because errors in diagnosis are possible 

With a defimtely established diagnosis the quesuon arises as to what 
should be done for the patient It is the aim of treatment to cure the 
disease, and if that is not possible, to relieve symptoms and prolong life 
Radical operation, x-ray and radium treatment, surgical diathermy, 
bouginage and palhative gastrostomy may be considered AVhich course 
to follow depends on the patient’s general condition, as well as on the 
state of the local disease 

Palliative treatment is used in those patients who refuse radical opeia- 
Qon or in xvhom the disease has progressed beyond the operable stage 
Under palliative treatment the following measures may be adopted 
as indicated 

I General Medical Caie In early cases when swallo’Mng is still 
possible, a xvell balanced diet should be arranged, with all food finely 
divided to prevent stagnation Attention must be given the heart and 
Sidneys, and bowel elimination aided Adequate rest is of importance to 
preserve the patient’s strength In all advanced cases the most important 
consideration is the administration of adequate quantities of fluids to 
overcome dehydration and toxemia One may resort to hypodermo- 
clysis, proctoclysis, or venoclysis The addiuon of 5 per cent glucose 
to any of these is helpful Whether to tell the patient of the nature of his 
tllness has to be judged m the mdividual case Inasmuch as most pitients 
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With this lesion are men, it is frequently advantageous to do so in order 
to gam their cooperation and to enable them to arrange their affiirs 
If one has the impression that such knowledge will lead to severe nientil 
depression it may be better to withhold the information 

2 Gasti ostoviy This should not be reserved as a last resort, but be 
performed in most cases soon after a diagnosis has been made Though 
It IS a relatively simple operation which may be done under local anes- 
thesia with a low mortality m pauents m fairly good general condition. 
It IS much more dangerous in an emaciated dehydrated indi\ idual v ith 
poor healing power Pauents frequently object to such an opention 
because of the annoyance of constantly wearing a tube, and the necessit)’- 
of having all food administered in that way To overcome these objec- 
tions, a Janeway gastrostomy is recommended which does not require 
the use of a tube except at meal time and which usually does not leak 
After It has been m use a short time, and the esophagus has been put at 
rest, the swelling due to irritation associated with the carcinoma may 
subside and the patient be able to swallow better than before In all 
complete obstructions gastrostomy is a temporary life-saiing measure 

3 Dilatation In some dimes this method is used in preference to 
others If carefully performed by passing bougies over a previously 
swallowed silk thread or under gmdance of the eye through an esophago- 
scope, there is probably not much risk connected with it in trained 
hands Unless one is an expert, however, perforation with a fatal out- 
come may result It gives temporary relief only 

4 Intubation After a caremomatous stricture is dilated, it is at 
omes possible to insert a tube, which maintains die lumen permanendy 
These tubes vary in size and are made of rubber or metal Them intro- 
duction requires skillful mampulation and should be attempted only by 
experts 

5 Radiation The) apy Although classed with the palliauye measures 
It IS really intended to be more than that One’s aim is to destroy the 
tumor either by means of deep roentgen therapy or by the insertion of 
radium capsules or radon seeds Unfortunately, such happy results have 
not been attained so far, but with the modern treatment developed at 
some clinics, considerable relief and probably prolongation of life may 
be looked for Radiation therapy may, of course, advantageously be 
employed in combination with dilatation, establishment of a gastrostomy 
or other treatment 
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6 Electrocoagulation In selected cases, especially those with an 
elevated polypoid type of tumor, destruction of the growth may at times 
be accomplished One has to be very careful to select only such cases in 
which the growth is small and superficial, because the destructive action 
of the coigulation may easily lead to perforation 

Only a small group of carefully selected cases may be considered 
for radical operation because of the fact that a patient usually has a 
well advanced carcinoma when he comes under a surgeon’s care and 
because of our present state of knowledge Because the opeiation is 
always a formidable one, the paaent should be in fair general condiuon 
and one whose symptoms and findings suggest that the lesion is in its 
early stages 

The surgical approach varies depending on the location of the tumor 
The techmcal problems involved are quite varied and it is therefore 
best to consider the treatment under the headings of (a) carcinoma of 
the certncal portion, (b) carcmoma of the thoracic portion, (c) car- 
cinoma of the lower esophagus and the cardia 

Cancer of the upper end of the esophagus is removed from above 
At tunes the larynx and pharynx must be sacrificed because the growth 
has a tendency to spread into the hypopharynx For the resulting defect 
a reconstruction operation may be considered later A gastrostomy is 
usually advisable 

Removal of a carcinoma affecting the middle or thoracic portion 
of the esophagus is technically the most difficult and dangerous Reports 
of successful extirpation are increasing in the literature Ingenious 
methods of approach have been developed The best known one, and 
the one having the largest number of successful resu% to its credit is 
the one developed by Torek It consists of a prehmmaiv gastrostomv, 
followed by a transpleural resection of the affected esophagus The 
upper end is brought out at the neck and is later connected v ith the 
gastrostomy by means of a rubber esophagus In suitable cases a recon- 
struction of the esophagus may be earned out The method has lately 
been modified by dividing the mam operation mto two stages Perhaps 
3t the tune the gastrostomy is performed, or as an independent procedure, 
the upper end of the esophagus is brought out at the neck througn an 
mcision along the anterior border of the sternocleidomastoid The tumor 
IS then removed at a later date through the thorax 

Recently there has come a report from England and another from 
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Germanj^ of the successful extirpation of a carcinomatous esophatnis 
by blunt dissection ^\lth the aid of the hands passed through a hioh 
epigastric and a neck incision along the entire mediastinum without 
opening the chest The lower end is divided, the stumps closed and the 
entire esophagus draw n out at the neck and removed Extrapleural re- 
section through the posterior mediastinum has also been successfully 
performed 

Cancer of the low'^er end of the esophagus may be removed through 
the chest or the abdomen The ideal operation is to reimplant the stump 
of the esophagus into the fundus of the stomach in order to permit 
normal deglutition A gastrostomy is usually not required 

CxNCER OF THE StOMXCH 

According to available statistics, cancer of the stomach is responsible 
for at least one-third of all male and one-fifth of all female cancer deaths 

The general attitude of the profession regarding carcinoma of the 
stomach is one of resignation, and is no doubt based on the obsen’^ation 
that the majority of pauents come under surgical care at a time when 
resecoon of the stomach, which offers the only chance of cure, is 
precluded by the extent of the disease Even a palliative operation is 
possible in only a comparatively small group of cases 

With the refinements in diagnosis, with better preoperative and 
postoperative care, and with meticulous surgery, there has been consid- 
erable improvement Recent statistics by w'^ell-knowm surgeons and 
clinics offer a distinct note of hopefulness, which encourages one in the 
belief that general improvement in results may be expected It should 
therefore be our aim to have patients with vague gastric symptoms 
referred early to a physician, to have the physician employ all his re- 
sources m making an early diagnosis, and then to have the pauent 
promptly operated on Even when this has been accomplished, however, 
a large percentage of patients will still come under observation at a time 
when the disease has progressed beyond the operable stage This is due 
to the fact that cancer of the stomach is frequently so insidious in its 
onset, and the symptoms so slight that the stomach is not even suspected 
of being the seat of disease In the beginning there is often no more than 
slight deviation from normal health There may be just a feeling of 
lassitude, slight loss of appetite and lack of interest Not until diminu- 
tion of appetite and a little indigestion appear is there any suggestion 
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that the stom-ich may be at fault As the disease progresses, loss of 
ippetite or a distinct aversion to food, especially meat, becomes more 
imrked, there may be definite discomfort after eating, nausea, belching 
or eructation Associated v ith this may be anemia, loss of weight and 
occasional vommng Inasmuch as indigestion is common m middle life, 
w Inch may be due to a variety of causes, and is often transitory m char- 
acter, the patient does not seek medical advice until persistence or 
severity of symptoms compels him For the same reasons the physician 
frequently does not realize the serious implications of comparatively 
slight symptoms Instead of subjecting the patient to diagnosac methods 
which would lead to early recognition of the underlying cause, he is 
apt to try unduly prolonged medicinal treatment for the rehef of symp- 
toms If we were not dealing with cancer, such a course would not be 
serious, but the cancer grows steadily while we procrastmate, valuable 
ume is lost and the condition may progress from an operable to a less 
favorable one There is no retracing our steps when we have missed an 
early diagnosis The battle against cancer of the stomach demands that 
w e think of it whenever a patient presents himself with shght mdigestion 
or aggravation of an old existing indigestion Thinking of it and feeling 
the necessity to prove its presence or to rule it out is the only safe guide 

Physical examination is usually negative at the oeginmng of the 
disease unless a favorably situated tumor at the pylorus causes early 
obstruction In such a case a palpable tumor or a peristaltic wave passmg 
from left to right across the epigastrium point to pyloric obstruction 
Usually such findings are an indication of more advanced, but often 
still operable, disease 

Diagnostic measures which may be employed include a test meal 
Many physicians seem to have no faith m its \ alue, but it should soli be 
considered as important supplementary' evidence With its aid one may 
determine retention and stagnation, changes in acidity and the presence 
or absence of blood The significance of aU these findings has to be care- 
fully weighed Retention means obstruction of some kind and requires 
further investigation If mechanical in character, cancer is a possibihty 
especially if associated with absence of free hydrochloric acid, the 
presence of lactic acid and Boas-Oppler bacilh On the other hand such 
findings are not pathognomonic of cancer Normal acidity is not incom- 
patible with the presence of a malignant growth The presence of blood, 
likewise IS merely an indication of an ulcerative lesion, but not necessarily 
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cancer However, given a pauent in the cancer age with charactensnc 
symptoms and abnormal gastric findings, the probabilit)’- of cancer must 
not be overlooked 

The most important diagnostic aid is a roentgen examination for 
evidence of a defect, rigidity of the wall, absence of peristalsis, and 
retention The technique m experienced hands has developed to such 
a degree that a positive diagnosis can be made in the great ma)orir^>- of 
cases There is no possible excuse for not havmg an x-ray exammauon 
of the stomach made in every paaent x\nth vague epigastric s)Tnptoms, 
except perhaps the cost involved There is no doubt that many more 
examinations would be made were it not for the financial aspect of it 
In the eyes of patients, expenditures like that are always justified with 
a positive findmg, with a negative finding, however, a physician may 
be called an alarmist and the expense involved is charged against him 
Even the affluent often hesitate at the cost of an x-ray examination unless 
symptoms are severe Clmic paaents of course have all the examinanons 
made which are indicated The people with small incomes in the great 
middle class find the cost of a gastrointestmal series beyond them re- 
sources It IS therefore frequently dispensed vith, though indicated, 
m the hope that the symptoms may disappear This pomt desenms stress- 
incr astam and astain 

If all attempts at diagnosis fail, and suspicion of malignancy persists, 
an exploratory operation should be considered It should not be under- 
taken too lightly, but mdicaaons are that it might advantageously be 
resorted to more often than is the case 

Nothing very positive is known concermng the enology In most 
cases symptoms come on insidiously without any previous gastric dis- 
turbance One is therefore compelled to adnut that cancer is probably 
cancer right in the very begmning in the majority'' of cases and is not 
grafted upon a pre-exisung disease On the other hand, it may well 
develop in the changed mucosa of an old gastrms The frequent findmg 
of gastritis in connection with cancer lends credence to this theory If 
we assume chrome irritation to be the starung pomt in other parts of the 
body, the stagnation and irritation due to pylorospasm in associauon 
with gastritis may well be an etiological factor Another possibiht)’’ is 
cancerous degeneraaon of an adenomatous polyp 

The question of the relationship of gastric ulcer and carcinoma is 
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\ery interesting and Ins aroused a greit deal of discussion Some clinics 
have reported a very high incidence, but the majority of conservative 
surgeons report between lo md 20 per cent There seems little doubt 
that a certun number of cancers develop on the basis of an old ulcer 
In those cases in which ulcei symptoms long preceded the cancer, one 
may definitely have to issume this etiology On the other hand the find- 
ings of an ulcer with carcinoma does not necessarily mean that the car- 
cinoma has developed on an ulcer basis Quite the contrary, a carcinoma 
may ulcerate and sometimes to such a degree is to destroy most of the 
cancer cells The question has not yet been solved satisfactorily 
With the present state of our knowledge the treatment of cancer of 
the stomach is surgical Experience so far has show n that \-ray treatment 
is helpful in alleviating symptoms in a small percentage of cases, but it 
is not curative Surgery is strongly indicated and is life-savmg m many 
early cases Surgery is also indicated in more ad\ anced cases, as a matter 
of fact an exploration should be done in all patients whose general con- 
dition warrants it Though many wnll be found to be too far advanced, 
not mfrequently one finds conditions more favorable than had been 
anticipated, and a resection may still be possible In others a palliauve 
procedure may be done, either a gastroentei ostomy alone or combined 
with exclusion of the pyloric end containing the tumor 

A palpable tumor, even a large one, is no contraindicauon to opera- 
tion, It may be found to be readily removable Any tumor which is 
removable, is operable One should not be frightened by the presence 
of enlarged lymph nodes, but remove them wnth the specimen Enlarged 
lymph nodes do not necessarily mean involvement They may be inflam- 
matory m character due to absorption from an ulcerating carcinoma 
In a planned operation for cancer 01 the stomach v Inch is not an 
emergency, ample time is available to prepare the pitient properly for 
the procedure This is one of the most important steps in the handling of 
the patient, and in connection with miproved surgical technique is 
responsible for the lowered mortality'’ at the present time Under pie- 
operative treatment may be mentioned attention to the heart, kidneys and 
lungs in order to build up the patient’s resistance The most important 
steps, how'ever are the admimstration of sufiicient quantities of flmds by 
venoclysis or hypodermoclysis to overcome dehydration and toxemia, 
t^^dy gastric lavage to remove stagnated contents, overcome edema and 
prevent absorption, oral administration of nutritious fluids which may 
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Still pass through the pylorus, and transfusions to raise the lowered 
vitality 

Thus prepared, the patient is a far better risk and the surgeon niav 
perform a radical operation which otherwise would seem too hazardous 
The operability for cancer of the stomach has been definitely extended 
by the application of effective preoperauve care, so that from 40 to 45 
per cent are now operable m hereas some years ago, operauon was advis- 
able in less than 2 5 per cent 

The ideal operation consists of the removal of the tumor with 1 safe 
margin of normal tissue above and below the lesion and the removal 
also of the regional lymph nodes along the lesser and greater cunxiture 
Just which technical procedure is used is a matter of the personal prefer- 
ence of each surgeon The Billroth II method is the one most frequently 
employed in cancer because of certain advantages over others Inasmuch 
as both ends, the duodenum as well as the proximal stomach, are perma- 
nently closed, one may make use of the von Petz sewing machine, which 
IS time saving and effectively closes off the ends of the specimen and 
thereby prevents soiling It has the further advantage that the gastro- 
enterostomy IS placed higher up on the stomach stump which would 
more certainly provide an open stoma even if a local recurrence should 
develop 

The postoperauve mortality is mfluenced by many factors It is 
no doubt higher with a high operability because if a surgeon takes a 
chance to extend the benefits of a radical resecnon to those who would 
be rejected by others, some mcrease in mortality rate may be looked for 
However in the hands of good surgeons the mcreased risk may be com- 
pensated for by the greater skill About 20 per cent is perhaps as low 
as may be expected with a high degree of operability 

The final results are the index of the value of radical operation Con- 
sidering untreated carcinoma of the stomach a rapidly fatal disease, it 
is giatifying to know that with an operability of 40 to 45 per cent a five 
year result of 30 per cent 01 more may be looked for The following table 
published by Balfour is an indicauon of the progress which has been made 

Our own results, though covering only a small senes of cases, corre- 
spond rather closely to those of Balfour We have extended operability 
to include very difficult cases which would probably have been rejected 
by many surgeons for a radical piocedure From the results one may gain 
some encouragement in continuing the fight Improvement is to be looked 
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I vun I 


Operatae Lxpenence in Cartiiiomnfa of the Stomach (Balfour) 


Procedure 

Resections 

Gastroenterostoiiu 

Exploration 

lot il 

File lear Results 

A\ ith Imipli node ini oh eiiient 
It itliout hniiph node iinohciiient 


^ umher of CaiOit Perceiitaoe 
2,112 45 % 

815 17% 

l,S6b 38% 

■1,793 100% 


18% 

18% 


1 XllLL II 


Operatize Experitiioe in Carcinomata of the Stomach (rqijert>) 


Total Number of Casea 

3 umber 

63 

Percenlaqe 
100 % 
44 1% 

Resections 

28 

Postoperatue mortalitx 

5 

17 9% 

Totil reseetions ot fixe \ ears’ stancliiig 

Lunph node mx olx ement present m 

Surxixors m fix e-x ear-resection series 

Fire-xear surxixors in xxhich Ixinpli node inxolxeinent 
present 

13 

12 

6 

xxas 

1 



for in earlier diagnosis, proper preoperatne care of the patient, and 
good surgery 

C-VNCER OF THE CoLOX 

Under this heading are presented malignancies of the cecum, ascend- 
ing, transverse and descending colon, as well as those of the sigmoid 
The reason they are classed in a group by themselves, in distinction from 
those of the rectum and rectosigmoid, is that there is a marked difference 
in the therapeutic problems involved In the former group it is usuallv 
possible after resection of the affected portion to reestablish continuirv' 
of the gut with subsequent normal bow el funcDon In the latter group 
on the other hand a permanent artificial anus is the usual price the 
patient has to pay for a cure or attempted cure 

Cancer is much more common on the left than on the right side of 
the colon, the proportion being about two to one The most common 
site IS the sigmoid It is well knowm that cancer has a tendency to de- 
velop w'here anatomically the gut is the narrowest Surgeons and path- 
ologists have speculated on the underlying reasons for this and it seems 
probable that the difference in the lumen with the added opportunity 
for stagnation and irritation play a role Added to this one may consider 
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that the more solid consutuents of the colon on the left side and the 
great accumulation of to\ic products are factors Of late jears the 
frequent occurrence of polypi of the sigmoid and rectum m ith malignant 
degeneration has attracted considerable attention Experience has further 
shown that usually tumors of the right side of the colon are less dan- 
gerous than those of the left, with respect to mfecoon, as m ell as to the 
tendency to metastatic mvasion of lymph nodes and the liver It is 
interesting to observe that pathologically there is frequendy quite a 
difference m the type of tumor encountered On the right side they are 
usually flat, or ulcer like, or large bulky masses, while sigmoid ramors 
are frequently small scirrhus growths which encircle the gut 

These various consideraaons to a large degree explain the difference 
in symptomatology, and provide a reasonable explanation for the fact 
that most patients come under observanon only many months after the 
first manifestation of symptoms A tumor developing in the large cecum 
for instance, does not interfere with bowel function, it does not bleed 
until It ulcerates and it may not produce a palpable tumor It therefore 
escapes attention until a massive tumor either becomes palpable and 
begins to obstruct the flow of intestinal contents, or by ulcerauon and 
absorption of breaking dowm tumor nssue, produces toxemia, bleeding 
and anemia A similar tumor at a narrow portion of gut, such as the 
hepatic or splenic flexure may produce narrowing of the lumen early 
and thereby lead to recogmtion In the sigmoid on the other hand, an 
encircling scirrhus tumor which grows slowly, may not lead to striking 
symptoms until actual obstruction suddenly appears The symptomatol- 
ogy depends chiefly on the interference with the flow of intesnnal 
contents Obstruction at some time in the course of the disease is the 
chief symptom It is usually chronic, but not infrequently acute obstruc- 
tion supervenes, especially in the sigmoid In any middle aged or elderly 
person with obstruction, if strangulated hernia or bands of adhesions 
can be ruled out, carcinoma of the colon is the most raaonal diagnosis 
The obstruction is usually slow and progressive which permits the 
gut to accommodate itself to the changed condiuon by hypertrophy 
of the bowel wall and by rendering fluid the mtestinal contents above 
the obstruction m order to perrmt passage through the narrowed portion 
The resulung changes in bowel habit, consisting of either increasmg 
consnpation, or attacks of diarrhea, or alternation of these symptoms, 
may early draw attention to the real underlying cause If a temporary 
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acute obstrucuon supervenes which so frequently happens when a hard 
parucle of feces or a foreign body becomes lodged in the stenosed <nit, 
investigation is urgently called for While these changes gradually take 
place m the gut, the general health suffers due to dehydration and 
toxemia, and a progressive loss of weight and strength results At times 
there is marked anemia especially with the large bulky tumors Ulcera- 
uon usually takes place in the tumor with consequent toxic absorption 
and bleeding Examination of the feces therefore frequently results in 
the finding of blood It may be occult if coming from a lesion higher 
up in the colon, 01 bright red, accompanying defecation or clinging to 
the fecal masses, if arising from a tumor situated in the loxver colon 

Pauents not infrequently complain of pain, usually cramp-like in 
character and associated with the retention of gas They often feel gas 
“suck” in a certain place and possibly always in the same place, which 
IS a symptom requiring in\ estigation They may feel and hear gurgling 
m the mtestines and have general discomfort At times they have explo- 
sive movements All of these symptoms are important if appearing in 
a patient who has formerly not suffered in this xx^ay, and they call for 
mvestigauon On examination one may find nothing abnormal, especially 
not if the abdomen is distended Many elderly people habitually have 
a distended abdomen and in that case it is of no value as a diagnosuc 
sign Hoxvever, if it has appeared but recently this distention in itself 
may be an important sign One may be able to elicit tenderness, particu- 
larly over a distended loop proximal to a groxvth, and one may be 
fortunate enough to detect peristalsis This, hoxvever, is usually present 
only in an advanced case xvith threatening obstruction At times a tumor 
mass IS palpable The examiner may discox^ei this accidentally during 
a routine manual examination or his attention may be drax\ n to it by 
local symptoms Tumors of the cecum, sigmoid and other parts of the 
colon may thus be palpated but those of the hepatic and splemc flexures 
are frequently hidden 

Most important in the diagnosis is an x-ray Experience has shoxxm 
that a barium meal xvhen it hardens in the mtestines is liable to block 
a stenosed lumen of gut and thereby precipitate an acute obstruction 
Physicians have therefore largely abandoned this method of examma- 
uon as a routine in all suspected malignancies of the colon, and are 
resorting to a barium clysma instead It is safer, the findings are knoxxn 
more promptly and the results of exarmnation are generally more satis- 
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factory With proper preparation of the colon in a suspected case the 
demonstration of a defect in the lumen is usually not difficult How- 
ever, overlappmg of a tumor by a loop of gut filled with barium Ins 
frequently led to errors in diagnosis, especially so avith a redundant 
sigmoid In order to avoid such errors roentgenologists have developed 
a special technique for colon lesions A prerequisite is a clean colon, 
best obtained with the aid of an enema or irriganon The contrast niL\- 
ture IS then allowed to run m slowly under gmdance of the fluoroscopic 
screen Abnormalmes are noted and plates are then made in different 
positions One of the most important is the oblique which permits un- 
folding of the entire sigmoid with the aid of a certam amount of pressure 
After defecation additional plates should be made Lately a special 
technique which makes a study of the mucosal pattern possible, has 
been added to the diagnostic resources of the roentgenologist In cases 
of acute obstruction also, the x-ray has a certain value An ordinary 
flat plate may show distended loops of gut contaimng air, or there may 
be fluid Ie\els in the lumen A carefully admimstered barium clysma 
may show the site of obstruction and thereby aid in the selection of the 
indicated operative procedure 

The treatment depends on the location of the lesion, as m ell as on 
the stare of the disease In acute obstruction one has different problems 
to consider than in chronic incomplete obstruction or in early cases 
The immediate indicauon in acute condmons is relief of the obstruction, 
usually by means of a cecostomy or a colostomy A preliminary \-ray 
may help in choosing the proper site for the incision The question of 
coping with the tumor comes up for consideration after the acute 
symptoms have subsided 

In all early cases and in those with chronic mcomplete obstrucnon 
a planned operative piocedure is possible This should be preceded by 
a period of preparation to allow local inflammatory conditions to subside 
and to build up the geneial resistance of the patient Especially if there 
have been attacks of obstruction the Sfut wall is edematous and infiltrated 
and there may be a certam amount of pericolonic inflammauon Daily 
enemas or laxatives, combmed with bed rest, will help to restore tissues 
to a condition which permits handling with less danger of spreading 
infection If it cannot be accomplished in this way a preliminary 
cecostomy or colostomy is indicated In the meantime measures are 
undertaken to increase the patient’s general resistance This is done by 
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the administration of nutritious fluids by mouth, or by venoclysis and 
hypodermoclysis Transfusions are of great value and should be resorted 
to freely 

The operative procedure itself vanes with the location of the tumor 
In lesions affecting the ileocecal junction, the cecum, ascending colon 
and hepatic flexure, a resection of the right side of the colon with sub- 
sequent ileocolostomy is the operation of choice In suitable cases the 
entire procedure may be carried out m one stage In case the patient’s 
general condition is not favorable, or if there have been obstructive 
signs. It is best to divide the operauon mto two stages The first step 
consists of doing an ileocolostomy by uniting the distal end of the 
ileum with the transverse colon It usually results m prompt improvement 
in the pauent’s condition which will permit the second stage to be per- 
formed after a few weeks The abdomen is opened through the same 
incision and the entire right colon with the stump of the ileum and all 
lymph nodes, removed in one mass 

Tumors of the transverse colon, the splemc flexure or the descendmg 
colon are best handled by resection and subsequent end to end or 
lateral anastomosis It may be done m one or two stages as indicated 
A certam amount of mobilization of the gut is usually requured to permit 
suture without tension 

The most important tumors of the colon, from the standpoint of 
frequency, therapeutic problems mvolved, and danger, are those of 
the sigmoid Unfortunately a large percentage of patients with carci- 
noma of the sigmoid are admitted with symptoms of acute obstruction, 
while others are so far advanced that complete removal is not possible 
The most ideal are naturally those without lymph node mvolvement 
Prognosis m those patients is very good, though someumes there are 
early metastases to the liver 

The Mickuhcz operation is commonly employed It is efficient 
when no nodes are mvolved and the sigmoid is long and has a "svide 
mobile mesentery, so that one may simply bring out a loop of gut with 
the tumor without interfermg with its blood supply’' However, if the 
nimor IS large and fixed, the mesentery short and lymph nodes involved, 
the operation has serious shortcommgs If one attempts to get beyond 
the nodes at the first stage, one may mterfere with the blood supply and 
cause gangrene beyond the exteriorized loop, resulting in leakage and 
peritonitis It has the additional disadvantage m such cases of making it 
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pracncally impossible at the second stage to get beyond the nodes because 
of matting together of the tissues One, therefore, may have to be sat- 
isfied with an mcomplete operation For these reasons different methods 
of procedure have been advised One may at times perform a primary 
resection, and in our hands this has given very good results m properly 
selected cases In other cases one may effect either a cecostomy or a 
colostomy proximal to the tumor for decompression of the bowel, and 
later follow with a resection of the tumor and anastomosis of the gut 
Rankin is a strong advocate of what he calls obstructive resection of the 
gut, after preliminary decompression 

Whatever method one chooses, it is important to resect the tumor 
together with the lymph nodes draimng the affected portion of gut 
It IS a safe procedure after edema and infecaon have been overcome by 
draming and irrigatmg the bowel Rankm with his extensive experience 
has some very illuminating staasacs concernmg five year results He 
further demonstrates that the intrinsic activity of the cancer cell as 
measured by Broder’s classification of malignancy plays an important 
role in these results He pomts out that most cancers of the colon fall 
mto the lower grades where metastases are slower, lymph node and 
hepatic involvement correspondmgly lowei, and in consequence, the 
result more favorable followinsr successful removal 

I Tmile III 

Operatize Besultn m Cancer of the Left Colon (Rankin) 

Grade 1 Grade Grade 3 Grade ) 

Incidence 13% 67% 16% 4% 

Fue ^ear cures 63% 51% 30% 18% 

Our own experience with carcinoma of the sigmoid prior to five 
years ago is limited to twenty-one cases 

Five patients, or 3 1 2 per cent, are living over five years, as follows 
thirteen, ten, nine, eight and six yeais Two of these five, or 40 per cent, 
had lymph node involvement 


Tvule IV 


Operatize Experience Zt.ith Carcinoma of the Sigmoid (Eggen.) 


Tot'll cases 

Inoperable 

Operable 

Five \ ear sur\ n ors 


umber 

Percentage 

21 ' 

5 

23 7% 

16 

76 3% 

5* 

31 27o 


*T\\o of these fi\e, or 10 per cent, had hmph node m\oheinent 
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Cancer of the Rectum and Rectosigmoid 

Cancer of this region presents diagnostic and therapeutic problems 
quite different from those of the colon V^^hile the lesions originating m 
the rectum may reach a considerable size before symptoms manifest 
themselves, those beginning higher up, at the rectosigmoid junction, 
may give rise to obstruction early Blood m the stool or clingmo- to the 
outside of the stool is a common finding, and should insure a most care- 
ful examination with the finger and proctoscope Too often such bleeding 
IS attributed to the presence of hemorrhoids, and not infrequently opera- 
tion for this condition has been undertaken only to find later that a 
carcinoma was the underlying cause Associated with blood m the 
stool there may be a feeling of discomfort and pressure, as well as a 
change in the bowel habit, consisting of increasing constipation, perhaps 
alternanng with diarrhea At times the patients mention explosive move- 
ments of gas and thin feces which are due to the collection of fluid 
mtestinal contents above the obstruction until the pressure reaches 
such a point that they are forced through Tenesmus and pain may be 
present, but are often an indication of a more adxanced lesion winch 
has become fixed and exerts pressure Blood in the stool, associated with 
change m the bowel habit, and fullness or pressure m the rectum should 
always call for careful mvesugation A digital exammation must never 
be neglected, and reveals the size and exact position of any tumor situated 
in the lower colon Even the higher lesions can usuallv be palpated 
One may have the patient return for a re-examination after the bowels 
have been prepared xvith a cleansmg enema ith the patient lying on 
the side, or m the knee chest position, or m a squatting position, the 
examinmg finger can usually reach the growth xt hen the patient is told 
to bear down A biopsy may at times be performed without difficulty, 
but if the tumor is not readily accessible, it should be deferred until 
after admission to a hospital In case the suspected grow th is not palpable 
a proctoscopic examination should be done and Mill usually snoxx a 
growth xvithm that portion of gut under consideration Should the 
examination be negative a barium clysma is indicated, using the Lechnique 
described under sigmoid lesions 

Theoretically considered carcinoma of the loxx^er segments of the 
bowel should be diagnosed early because of their symptoms and easy 
accessibility Unfortunately that is not the case For those tumors sit- 
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uated at the rectosigmoid juncaon an alibi may sometimes be ad\ meed 
in that the tumor has an unfortunate location for diagnosis It is just 
too low to be palpable from above and too high to be felt from below 
The x-ray may be negative because of an overlapping loop The employ- 
ment of obhque x-rays and the more frequent use of the proctoscope 
should overcome these difficulties For failure to diagnose tumors 
situated low, no ahbi exists 

In contemplating treatment one has to consider what one wints to 
accomplish, namely extirpation of the growth together with the 1\ mph 
nodes draining that area This latter is essential because almost half of 
the patients have lymph node involvement at the time they come under 
observation To do a palliative operation would be to exclude all these 
from any consideration of attempted cure Radium is advocated by some 
radiologists for tumors situated low, and good results are claimed Never- 
theless the curative value of radium is not well established and is limited 
to the primary tumor Electrocoagulation which has recently been men- 
tioned as a method of treatment probably also has a limited usefulness 
in readily accessible tumors Great care is required to prevent perfontion 
into an organ or into the peritoneum Good results have been reported 
and It may be well to keep it m mind as a method of treatment in 
selected cases The greatest objection to it as an attempt at cure is the 
fact that the lymph nodes are not removed It would therefoie seem 
to have its greatest field of usefulness in tumors vdnch have remained 
localized, and as a palhative measure 

Radical operative removal offers the best chance for cure Several 
methods of approach and their modifications are available Surgeons 
differ somewhat concerning the best method of procedure, whether to 
attack by the perineal route with or without a preliminary colostomy, or 
to perform a radical abdominoperineal resection in one or two stages 
Less extensive procedures, such as local excision or resection of the 
rectum with preservation of the sphincter, find application only raiely 
m well selected cases There is no doubt that in tumors situated low, 
a perineal operation may be carried out with sufficient mobilization of 
the gut to permit resecaon of the tumor bearing area and suture of the 
stump to the skin, leavmg the new anus in its normal position, without 
the necessity of a colostomy There is of course no sphincteric action, 
but a certain amount of control develops eventually with the aid of the 
levator muscles and contraction of the opening Even growths situated 
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higher may be safely removed from below after a preliminary colostomy 
winch remams permanently From the standpomt of cancer surgery, 
howerer, which aims to remove the primary tumor together with the 
lymphatic drainage area, there is no question that the abdominoperineal 
operation is the preferable one It is readily understandable, therefore, 
that at the present time surgeons generally are leaning towards the latter 
procedure 

One of the most important steps in the successful treatment of cancer 
of the rectum and rectosigmoid is preoperative care consisting of 
decompression of the bowel, admimstration of fluids, transfusion, atten- 
tion to the heart and kidneys Operation should be delayed unul the 
panent has been rehabilitated, especially if obstructive symptoms have 
been present In such a case division of the abdominoperineal opera- 
tion into m o stages, the first one consisting of a colostomy, is advisable 

With proper preoperauve care the operability may be extended, 
operative mortality reduced and good permanent results obtained In 
order to judge reported results one has to know the percentage of 
operability'’, as it is easy to have a high percentage of fi\ e year results with 
carefully selected cases 


1 VIILL V 

Carcinointx of Rectum and Recto^tomoid (riiqers) 


Total Cases -■* 

Inoperable 8 or 33 3% 

Operable 

Mortabtj ^ 

Five Year surMvors ^ 312% 

Still Living (Si\, seien, ten and thirteen lears) 4 or 25 % 


With an operability of 66 6 per cent and a mortality of 1 2 5 per 
cent, we have survivors of five years, and longer, of 3 1 2 per cent 
Rankm, with an operability of 76 per cent has 34 per cent five v ear 
survivors 


1 \DLE V I 

Carcinoma of Rectum and Rectosiqmoid (Rankin) 

Total Cases 

OperabihU ° 

Fue Year Suriiiors " 

Rankm reports Miles with an operability of 30 per cent and 79 per 
cent fiv e year surviv'ors, while Jones with a higher operabilitv had 
50 per cent five year cures 
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Such results can be obtained only m carefully selected cases AVith 
the types of paaents presenang themselves to us we feel that wt cannot 
refuse to operate upon all but 30 per cent, and our operability has there- 
fore been extended to include more than twice that number To obtain 
good results m such cases should be our aim, and we feel that it is 
possible by proper preoperative care, and selection of that type of opera- 
tion which the patient is able to stand and winch gives greatest promise 
of restoration to health We believe that in tumors situated at a high level, 
an abdommopermeal operation, performed in one or two stages, has 
definite advantages because it offers better control of the blood supply, 
and is therefore less shocking than a perineal operation In addition to 
that It gives greater assurance of going well beyond the growth as well 
as including the involved lymph nodes 

The problems m treatment are well understood and have been largely 
mastered The greatest need at present is early diagnosis The thoughts 
we would like to leave with you are that cancer in its early stages is 
curable, cancer m a more advanced stage may sull be curable, and that 
every patient with a posiuve diagnosis of carcinoma of the gastro- 
mtestinal tract is entitled to an exploratory operation, if his general 
condition permits 
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CLINICAL ASPECTS OF HYPERTENSION 
INCLUDING MALIGNANT HYPERTENSION 

HerM'^n O A'Iosentha.l 

I Professor of Clinical Medicine \e\v \ork Post Graduate Medical School Columbia Uni\ersitv 

Norm Blood Pressure 

exposmon of the clinical aspects of hypertension must 
have as its starting pomt a conception of normal blood 
pressure Normal blood pressure may be defined as the 
arterial blood pressure which is sufiicient to cause the 
blood to flotv and to deliver a pressure of thirt}’' to forty 
millimeters of mercury (the pressure necessar}’' to accomplish metabohc 
exchange) m the proximal part of the capiUaries MTen the heart and 
the arteries are mtact, and not affected by the degeneratn e processes of 
agmg, this arterial pressure is about 100 systolic and seventy diastolic, 
the accepted normal pressure for a child of ten (Judson and Nicholson,^ 
Hunter^) Any blood pressure above tins le\ el is hypertension The per- 
sistence of a youthful blood pressure in adult life is mdicaave of an 
absence of arteriosclerotic processes and is not necessarily a hypotensive 
state as is so often assumed 

AxmRAGE Norm XL Blood Pressure 

Advancing years are, as a rule, accompanied by an elevaaon of 
blood pressure The systolic pressure increases more than the diastohc 
and, consequently, the pulse pressure rises According to Flunter’s u eU- 
knoxvn table, between the tenth and sixtieth year, the systolic pressure 
increases thirty-two millimeters of mercury, the diastohc mneteen, and 
the pulse pressure thirteen The routine explanation offered for tnese 
changes is that through arteriosclerotic processes, natural with agmg, 
the arteries lose them elasticity and become more rigid These qualities 
may be measured according to pulse velocities v/luch are found to 
increase considerably m both the elastic and the muscular arteries 
(HaUock^-Chart i) 

A rigidity of the arterial xvall due solely to arteriosclerosis would 
result in a rise of the systolic pressure, but not of the diastohc, the latter 
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Chart I 

ave Velocities in Elastic and 2Iuicnlar Arteries at Various Ayes 

Me in i\e \elocities (meters per setond) in tlie lorta (el istic arter\) 
ind radnl irtti\ (muscular arterv) it ' irious iges, iccordmg to 
Hallock, Arch hit lied 1934, o{ 7T0 Both aortic and radial lelocitv 
increase with ige Vtter 55, lortic \elocit\ mere ises more r ipidlc than 
radiil, these ticts point to i difterence between the processes produc- 
inir rigiditc (or loss ot el isticitc ) m tlie elastic md muscular irteries 
( irfenosclerosis ot el istic and musculir irteries md the degree ot 
musciilir tone in the musculir nteries must be consideied) 


should under such circumstances diminish rather than increase The 
fact that the diastolic pressure goes up shoMS that another element m 
blood pressure production besides the purely mechanical development 
of arterial rigidity is involved It is suggested that the rise m diastolic 
pressure in the older age periods is due to an augmented tonicity of the 
muscular arteries Such a compensatory elevation of tone in the muscu- 
lature of the larger arteries appears to be the only explanation for the 
rise m diastolic pressure, it Avould also account for the increase of pulse 
velocity in the muscular arteries A controlled diminuaon of elasticity of 
this sort would give the clue to the reason for the almost exact parallelism 
between the rising pulse velocity and diminution of arterial elasticity 
with age in the elastic and in the muscular arteries (Chart i) 
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i\I\RKED Senile j\.rteriosclerosis \nd Blood Pressure 

The steady progress of arteriosclerosis in the elastic arteries has been 
mentioned in the previous section At SL\ty years, according to Aschoff,^ 
the aorta is practically de\ oid of elasticity Decrescent changes in the 
muscular arteries are characterized by calcification of the media— the 
ti'^pe of arterial invoh ement known as Moenkeberg’s sclerosis In many 
instances although the calcinosis of the blood vessels may be palpated 
and demonstrated by \-ray, there are no corresponding changes in the 
blood pressure This has been attributed by Haynes, Ellis and Weiss® 
to the patchy occurrence of medial calcification— certain areas of the 
arterial wall being left intact to control the blood pressure When the 
entire arterial system becomes sclerotic and rigid it is believed that the 
systolic pressure becomes very high, the diastolic very low, and the 
pulse pressure correspondingly large (Bowes,*’’ Thompson and Todd') 

Increased Systolic Output \nd Blood Pressltre 

A rise m pulse volume results in an elevated systolic and a compara- 
tively loM diastolic pressure This occurs with a slow heart rate, 
especially in heart block, with hyperthyioidism (Read®) and with 
aortic msufficiency In heart block (Ellis and eiss,® Ellis^*') and in 
hyperthyroidism various factors may compensate for the tendency to 
hypertension and the blood pressure may be normal in spite of an in- 
creased systolic output The spread between the systolic and diastohc 
pressure m aortic msufficiency depends largeh upon the degree of 
valve leakage The pulse pressure may be i ery high, but in some cases 
It IS approximately normal Aortic msufficiency should oe suspected 
whenever the pulse pressure is as great as sixtv’^ milhmeters of mercury 

High Sxstolic, Low Diastolic Pressure of Middle Age 

This type of blood pressure is often found, especially m vv omen after 
the menopause (Sailer, Riesman^") Calcinosis of the muscular arteries 
IS absent and, consequently, the comparatively low diastolic pressure can 
not be explamed upon the basis of diffuse rigidity throughout the arterial 
tree It may be that m such cases there is a lack of compensatory rise in 
tomcity of the muscular arteries which has been cited m explanation of 
the elevation of the diastolic pressure m the average normal blood pres- 
sure The frequent occurrence of high systohc pressure and lev diastohc 
pressure, without demonstrable pathological lesions of anv sort, should be 
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recognized The prognosis of this type of hypertensive disease is much 
better than when the diastolic pressure is also elevated, and a sharp dis- 
tinction should be made in the treatment accorded these two varieties 
of hypertension 


Diet and Blood Pressure 

P 7 0tems The contenuon that protein foods do not bring about a 
rise in blood pressure (MosenthaP^) has proved to be correct There 
IS one exception to this statement which may or may not be of clinical 
significance Chanutin and Ludewig^^ found that all rats from whom 
eighty to ninety per cent of the total renal tissue had been removed 
(corresponding to uremia or a preuremic condition in man) showed 
hypertension, and that the degree of blood pressure elevation was directly 
proportional to the amount of protein fed On the other hand I have 
found that in human beings with renal insufficiency the blood pressure 
remains unchanged when the blood urea and the non-protein nitrogen 
rise or fall markedly in response to dietary regulation 

Caibohydiates and fats There is no reason to believe that carbohy- 
drates or fats have any mfluence upon blood pressure except m so far as 
they may cause obesity Overweight, contrary to former impressions, 
does not result m hypertension, but it should be avoided because it 
places an additional strain upon the heart and arteries A high blood sugar, 
whether of short duration or persistent, does not give rise to hyper- 
tension (AlosenthaP®) 

Fluids Since transfusions of as much as 1 000 cc , even when given 
rapidly, do not affect the blood pressure (Mosenthal and Ashe^®), it is 
not surprising that the ingestion of large amounts of fluid do not raise 
the blood pressure (Orr and Innes^^) The fluid intake should be re- 
stricted in the presence of cardiac weakness or edema 

Alcohol In moderation, alcohol does not influence blood pressure, 
the hypertension of habitual, heavy drinkers is, in some instances, 
lowered when the alcohol is restricted or total abstinence is practiced 

Blood Volume and Blood Pressure 

One of the assumed causes for hypertension has been, and is, a large 
blood volume I remember Theodore Janeway’s disappointment when 
Keith, Ro\vntree and Geraghty^® failed to demonstrate an increased 
blood volume m hypertensive cases This finding does not eliminate 
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an augmentauon of the blood mass as bemg a possible factor m elevat- 
ing arterial pressure Polycythemia vera is usually cited as a condition m 
which this occurs, though in this disease the increased blood viscosity 
must also be considered (Brown and Griffin^®) 

The blood pressure, even when marked hypertension exists, does 
not rise, but remains unchanged under the stress of rapid transfusions 
of 1000 cc of blood (Mosenthal and Ashe^®) This shows that the body 
possesses excellent powers of regulating the arterial pressure in the face 
of enormous variations in blood volume 

The key to the situation probably lies in the fact that the arterial, 
pulmonary, capillary and venous regions have different functions in 
regard to the storage of blood In the capillaries and vems a rise in 
blood volume should be harbored without difficulty while the quanuty 
of blood remains constant in the arterial system 

Data published by Plesch®® show that the arteries of the greater 
cnculaaon contain approximately 150 cc of blood (Table i), that 
IS, about the full capacity of the ordinary water tumbler This is v ery 
surprismg to most of us but it seems plausible when the matter is ana- 
lyzed according to the table 


r^BLE I 

Distribution of blood in the cirtuHtion according to Plescb '' ote the small \olume in 
the arteries and the large \olunie in the capillaries and \eins, indicating ihe poasibilitv 
of their accommodating large fluctuations in the blood mass without disturbing blood 
pressure or the circulator\ flo\^ 

Blood V olunie cc 



Arteries 

250') 

SXSTEMIC 

Cipillaries 

r 2500 

CIRCLE vnON 

X eins 

TaO 1 


Left He irt 

190 j 


Arteries 

125 1 

PULMOXARY 

Capillaries 

1 2000 

CIRCULATION 

X^'ems 

37o 1 


Right Heart 

190 J 


101 AL 

4-500 


When we realize that the quantity of blood contained in the ai tenal 
system, that is, between the aortic valves and the arterioles, can be 
measured in a tumbler, and is only a small fraction of the gallon or more 
which constitutes the total blood volume, it becomes easier to understand 
the great effect upon arterial pressure of what at first thought appear to 
be comparatively small changes m systolic output, arterial elasncitv. 
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the tone of the muscular arteries and the contraction or dilatauon of the 
arterioles The mamtenance of a more or less constant blood pressure 
while the heart and arteries are anatomically and functionally intact 
and the extreme lability of blood pressure when the compensatoix^ 
mechanism is impaired, become less of a mystery when \ve consider that 
the arterial blood volume is only a small part of the total blood volume 

Hypertensive Disease 

All the varieties of hypertension mentioned thus far are characterized 
by an absence of rise, or a comparatively slight rise of the diastolic 
pressure Hypertension, when it becomes a threat, through the strain 
It imposes upon the heart and the blood vessels, exhibits not only an 
elevation of the systolic but also a distinct mcrease in the diastolic 
pressure An hypertensive state is considered severe when the diastolic 
pressure reaches a level of 130, 140 is of common occurrence, values as 
high as 200, or more, sometimes develop 

True hypertensive states, that is those in which both systolic and 
diastolic pressures are very much elevated, present themselves in three 
forms to the chnicians 

1 Hypertension accompanymg albuminuria 

2 Hypertension as a sequel to renal dysfunction 

3 Idiopathic (essennal) hypertension 

Hype) tension as an accompaniment of albuminuria was first recog- 
nized by Bright'^ in 1836, when in his series of “Cases of renal disease 
accompanied with the secretion of albuminous urine”, he observed 
thuty-four cases of cardiac hypertrophy without any valvular disease 
The hypertension associated with acute nephritis is well known, it is 
usually of short duration and is outside the present topic Herrick and 
Tdlman-^ found that a small but appreciable number of toxemias of 
pregnancy, when followed up, developed hypertensive disease after 
an imtial albuminuric nephritis The observation over a number of years 
of cases which began as albununuria, in men as well as m women, has 
led me to the conclusion that hypertension frequently becomes the 
dominant complication of albuminuria and outstrips renal insufficiency, 
anemia or uremia as a cause of death It may be that with the recent 
advances m the treatment of albuminuria, these patients live long enough 
to develop hypertension instead of succumbing to infections, as was so 
common a decade ago 

D 
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Hypertension as a sequel to i enal dysfunction may be discussed under 
the headings 

1 Influence of hypertension on renal function 

2 Influence of diminished renal function on blood pressure 

3 Influence of renal ischemia on blood pressure 

The theor)’- that hypertension was a compensatory process to enhance 
the action of the kidneys was first formulated by Traube-® in 1876 and 
subsequently endorsed by Cohnheim-^ in 1880 Recently, in 193a, 
Page-® showed that neither a spontaneous nor an induced fall of blood 
pressure affected renal function as measured by the urea clearance test 
This evidence which bears out many clinical observauons, sets aside 
the compensatory theory of the cause of hypertension The level to 
which the blood pressure may be depressed without interfering with 
kidney acuvity of course has its limits Lassen and Husfeldr® found 
when the systolic blood pressure had been lowered to well below 100 
by means of spmal anesthesia, that the urinary flow was diminished 
Such degrees of hypotension (the diastolic pressure presumably being 
fifty mm of mercury or less) fad to deliver a glomenilar capillary 
pressure of thirty or more to overcome the plasma colloid osmotic pres- 
sure of about thirty, a pressure w'^hich Richards-^ and his co-w'^orkers 
hai e found necessary for urine formation 

The demonstration that destruction or removal of the greater part 
of the kidneys is followed by an elevation of blood pressure, was first 
accomplished by Passler and Hemeke"® in 1905 Janewa'-® in 1913 
show^ed that after reduction of the dog’s kidney substance there w as a 
rise not only of the systolic pressure, but of the diastolic as well Sub- 
sequent experimental work has amply v^erified these observ'^ations 

The clmician knows that hypertension follows renal insufficiency, 
whatever its cause This holds true whether deficient kidney activitv- is 
due to obstruction of the urinary tract, Bright’s disease or other renal 
invoh ement, such as polycystic degeneration of the kidneys The 
proof of the causal relationship between hypertension and imoaired 
hidney function is found in the fact that w hen obstruction of the urinarv'’ 
tract (whether it is due to new growth, stricture, stone or prostatic 
hypertrophy) is relieved, the blood pressure returns to a normal lev el 
Frequently, hypertension does not develop with inadequate renal 
function, or drops while kidney actwity is stiU diminished The lack or 
blood pressure elevation under such circumstances is attiibuted to con- 
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stitunonal weakness which lessens the power of the cardiac and arterial 
muscles 

Ischemia of the kidney, produced experimentally by constncuon of 
the renal artery, results in a rise of blood pressure This is a noteworthy 
contribunon by Goldblatt,^“ its exact climcal application is not yet clear 
though without doubt it will prove to be important 

Essential— idiopathic— Hypertension Essential hypertension may be 
defined as a functional disorder, characterized by a pi ogressively increas- 
ing elevanon of both systolic and diastolic arterial pressure, the mechani- 
cal stram mcidental to the hypertension often produces changes in the 
heart and the arteries, especially those of the heart, the brain and the 
kidneys, so severe that death results 

Recogmtion of the independence of blood pressure from kidney 
disease in a certain group of cases, dates from a period after the invenuon 
of the first clinical instrument for measuring blood pressure by von 
Basch in 1876, and was formulated in terms that explained the trend 
of thought at that time 

“Latent arteriosclerosis”— von Basch 
“Pre-sclerosis” 

“Pre-albuminuric stage of Bright’s disease”— Mahomed 
“Hyperpiesis”— Clifford Allbutt 
“Hypertensive cardiovascular disease”— Janeway 
“Essential hypertension” 

“Malignant hypertension”— Keith, Wagener and Kernohan 
All these terms indicate that various climcians have demonstrated to 
their satisfaction for many years that high blood pressure may occur 
independently of any affection of the kidneys This is not recognized 
in all quarters today Such doubt of the frequent independence of hyper- 
tension and kidney disease still rests very largely on the impressions of 
clinicians and pathologists antedating the perfection of renal funcuon 
tests 

Any one who has studied cases of elevated arterial pressure during 
the last twenty years, knows that the patients with hypertension and 
without demonstrable lesions of the kidney or impaurment of renal 
function, are numerous A careful analysis of mortality staustics shows 
that the majority of deaths of persons between forty and sixty-five years 
of age, that is, individuals who die before they have lived then natural 
life span, is due to the sequelae of hypertensive disease 
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The capillary pressure remains normal in hypertensive subjects, 
showing that the peripheral resistance is adjusted so that a normal 
capillary circulation is maint lined This was first demonstrated by Boas 
and Frant^^ in 1922 and since then has been verified many times The 
question arises whether the peripheral resistance is primary and the 
hypertension a compensatory phenomenon, or whether the hypertension 
in the arteries initiates the vicious circle and is regulated by the arterioles 
at the distal end of the arterial tree 

The generally accepted view is that a generalized contraction of the 
arterioles causes hypertension The idea that increased tonicity of the 
muscular arteries may bring about an elevation of the blood pressure and 
that the arterioles act as regulators which control the flow of blood to 
the capillaries, has been ignored and never refuted though it has been 
stressed by Pal®“ and others 

There is a s[ood deal of evidence that the arterioles contract and 
dilate according to the local requirements of the tissues which they 
supply avith blood The observations of Krogh,^® Richards, and Cobb 
and Talbott^^ have shown that during quiescence only a fracnon (m the 
kidneys 5 per cent) of the capillaries are patent in the Aoluntary 
muscles, kidneys, brain and presumably all tissues, m hile durmg periods 
of activity, all the available capillaries are open and filled with blood 
It seems rather forced in view of these facts, to think of a generalized, 
fixed, peripheral resistance as existing throughout the body, since it is 
clear that the intermittent blood supply is adjusted by constant openings, 
contractions and closures of the arterioles which do not occur simul- 
taneously throughout the xvhole body but are brought into play accord- 
ing to the needs of the individual tissues 

Txvo recent observations establish the fact that arterioles dilate or 
contract in response to a drop or increase in blood pressure Page and 
Heuer®“ found that after section of dorsal and lumbar anterior nerve 
roots a drop in arterial pressure was accompanied by relaxation of spasm 
in the arterioles of the retinae though they were outside of the operauve 
field, that could influence the retinal vessels directly Flexner^** studied 
the peripheral circulation in a case of coarctation of the aorta and demon- 
strated that the action of the arterioles was about the same in the arms 
where hypertension had resulted from aortic narrowing, as in the legs 
where the blood pressure was at a normal level 

All these points are arguments for the idea that increased arteriolar 
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or peripheral resistance is a compensator)’- phenomenon tor i h\per 
tension produced by other agencies presumably an augmented tonicicv 
of the muscular arteries 

M-VLIGN-AXT H\ PERTENSroX 

Volhard and Fahr^' in 1914 coined the term “malignant hyperten- 
sion” for those cases in which a high blood pressure was comphcited by 
renal msufficiency The name was abandoned until Keith, ^^''lo■ener 
and Kemohan reiived it and stressed neuroretimus and hypertensive 
encephalopathy as the significant comphcauons Since then malignant 
hypertension has been defined m a great variet)'- of w^iys, very few of 
which accord with one another The malignant nephrosclerosis, first 
described by Fahr,^^ has been recognized and this designation has a 
jusofiable background Instead of thinking of essential hypertension as 
bemgn or mahgnant, it would serve a better purpose to classify this 
condmon as mild or severe, the severe type including the cases wnth a 
diastohc pressure constantly above 140 or more, which constitutes a 
menace through vaiious vascular comphcauons It is uue that such 
hypertensive states often “manifest extreme malevolence” and in that 
sense are malignant but in clinical parlance the term malignant hyper- 
tension IS associated wnth the comphcauons of hypertension wdiich, 
accordmg to some, are not necessarily present, according to others, miy 
be either reunal or renal or cerebral There is no unaiumity as to the 
exact symptom complex covered by the teini mahgnant hypertension, 
and It would seix'-e accuracy and simplicity if it weie ibandoned and 
replaced by more specific designations 

Summary 

An attempt has been made to picture the clinical aspects of hyper- 
tension Some of the facts suggested to the examining physician by a 
blood pressure leading have been analyzed Alany of the conclusions 
have not been orthodox but tinged by personal mterpietation Howe\ er, 
this is justified since the physiology and functional pathology of blood 
pressure are not entirely clear, and the formulation of wmrkible theories 
in regard to blood pressure are necessary for the physicnn so that under- 
lying condiuons may be diagnosed and purposeful ueatment may be 
carried out 
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THE USE OF CONVALESCENT SCARLET FEVER 
AND MEASLES SERA IN PROPHYLAXIS 
AND THERAPY" 

William Thalhimer 

Manhattan Convalescent Serum Laboratory 

|SSSH 5 H 5 HS 2 Scax is \\ ell known that an attack of certain mfecuous diseases 
g a confers lasting, even lifelong immunity on the reco\ ered 

sis individual These individuals, known as immunes, can 
a g have intimate contact with these infectious diseases and 

CiSSasasasHsaFiD still not contract them This resistance results because the 
disease has caused the acave and continuous development of immune 
substances in the tissues or blood, or both, of the reco\ ered individuals 
These substances neutralize the infectious agent when it attempts to gam 
entrance mto the body, and, thereby, prevent infection 

This natural method of the development of immumty has been 
utilized m some diseases for the preparation, in ammals, of serums for 
preventmg or treating specific, mfectious diseases Diphtheria antitoxin 
IS an example of one of these serums prepared by moculating horses 
with the diphtheria toxin, which stimulates the development of anti- 
toxin, just as the clinical disease diphtheria causes this effect in patients 
who recover Diphtheria anatoxin, when injected under the skin of a 
child exposed to this disease is almost 100 per cent efficient m pre\ enting 
the development of diphtheria In this way diphtheria antitoxin devel- 
oped actively in the horse is transferred passively to the exposed child 
The resulting passive immumty is a temporary one which lasts for ru 0 
to three weeks Although of a temporary nature it is extremely important 
immediately to protect susceptible children from diphtheria, especially 
young children m whom the mortalit}’’ is high Diphtheria antitoxin 
of course, also is very efficient therapeuucallv 

Weisbecker^ in 1897 was the first one to find out that human serum 
obtained from an mdividual recently recovered from scarlet fei er, m hen 
injected into another will cause a passive immunity, and also, 11 ill gn c 
excellent results with rapid cure in the treatment of patients in w horn 
scarlet fever has already developed 

•Deinered Februarj 18 1933 m the Fnd3> Xtternoon Lectures Senes 
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This serum has been named convalescent serum since it is prepared 
from the blood of individuals who are convalescing from or have recendy 
recovered from infectious diseases A better name is “convalescents’ 
serum” 

jMy interest in convalescent serums was aroused slx or seven years 
ago for several reasons 

First Several convalescent serums have been proved, by a large 
e\perience, in many places, to have marked efficacy in prophylaxis or 
therapy, or both 

Second Convalescent serums, which, of course, are human serums, 
are safe agents to use and practically never cause reactions, even when 
administered intravenously These properly prepared human serums 
have been demonstrated to be as nearly bland material foi intravenous 
administration as anything known to me Febrile reactions, chills or 
serum sickness are extremely unusual, occurring in not more than 14 to 
I pel cent of the instances, and have never, to my knowledge, caused 
concern 01 alarm to the attending physician Sensitization and ana- 
phylaxis, in niy experience, are unknown All this is in contradistinc- 
tion to the risks from the injection of animal serums, even though 
animal seiums have been much improved in this regard in recent years 
In oui experience, there are no reacaons at all following the intra- 
muscular injection of the properly prepared human serums, with the 
possible exception of a very occasional, mild serum sickness from seven 
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to ten days later, which has never required medication 

Third The field for investigation is extremely large, and needs 
intensive vork 

The serum is prepared according to the rigid regulations of the 
U S Public Health Sennce, and the laboratory, having satisfied these 
requirements, has received a federal license Only Wassermann negative 
serums, which have been proved bacteriologically sterile, are used 
These are pooled, usually m lots of thirty individual serums Presen^a- 
uve IS added, followed by Berkefeld filtration and bottling Sterility 
tests ire repeated on the bottled serum, and each pool is held at least 
seven days before being released by 1 negative sterilitv test 

Extreme care and gentleness are used in handling the blood and 
serum, so as to prevent even a tinge of hemolysis, and bleedings are 
made only at least three hours after the donor’s previous meal (so as 
to minimize the possibilitiy of food proteins being present m the serum) 
It IS my convicuon that these precautions have eliminated reactions 
from the use of these human serums practically to the \ anishing point 
An experience of five years, covering thousands of injections of different 
types of convalescent serum admmistered by many phvsicians, both 
intravenously and intramuscularly, has demonstrated the practicability 
of preparmg human serums w'^hich can be injected w ith no risk of severe 
reactions and with only the rare occurrence of a mild reaction 

Since all blood cells are removed by Berkefeld filtration, there is 
no possibiht\'' of agglutinable cells being present and causmg a reaction 
Also, whatever agglutinins the pooled serum contains, apparently are 
diluted sufficiently by the patient’s entire circulating blood to prevent 
reactions This also is the explanation of why blood transfused from 
universal donors into type II or III recipients has not caused reactions 
(except possibly in rare instances) 

The serum has not caused sensitization, even w'hen injections have 
been given to children at ten day intenmls to prevent the reappearance 
of me isles in a children’s institution With this procedure hospital w^ards 
can be kept open continuously even in the midst of epidemics 

Onlv adult donors are used, except in times of great prevalence of 
these two exanthemata (scarlet fever and measles), wTen children of 
fifteen or o\ er may be used, after receiving the signed consent of the 
parents Adults furnish 250 cc of blood (by lein puncture) at each 
bleeding for w'^hich they receive $5 This yields a net of about 100 cc 
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of serum, after carrying out serological and sterility tests The first 
bleeding can be made from recent convalescents after an afebrile period 
of seven days Bleedmgs can be repeated in men at nvo week, and in 
M^omen at three week mtervals, without any deleterious effect and with- 
out any decrease in their hemoglobin percentage Our data show that, 
on the contrary, the hemoglobm increases It has been demonstrated 
that no significant fall in potency occurs in the serum secured from 
an mdividual for, at least, four months after onset in scarlet fever and 
measles This period may be longer, and if investigauon m progress 
demonstrates this, the source of supply will be correspondingly increased 
Serum kept at four degrees centigrade retams its potency for at least 
a year 

It might be well to discuss measles convalescent serum first 

Undoubtedly you will be interested to know that m 1916 Dr William 
H Paik (with Zingher’s cooperauon) was the first in this country to 
employ convalescent serum for the prevention or attenuation of measles 
This work was carried out independently, the same year as that of 
Nicolle and Conseil," who published their results m 1918, Dr Park 
not publishing until 1924 Since these publications, more or less 
sporadic studies have been made in many places but only m recent years 
have centers been organized in a few European and American cities 
making enough convalescent serum available for extensive use All of 
these trials, both small and large, have demonstrated the marked effi- 
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ciency of this method of measles prevention or attenuanon 

Measles is usually considered a mild disease, inconvement but mevit- 
able Therefore, it might be surprismg to learn that m mfants up to one 
year of age, who contract measles, the mortality rate is 8 per cent, in 
the one to two year age group 5 per cent and in those from two to three 
years old i 5 per cent These fatalities are caused mainly by the not 
uncommon serious comphcations of measles, such as pneumoma and 
mastoiditis But from ten years of age on the mortality rate is much less, 
yet not insignificant, 1 e , o i per cent to o 2 per cent Stated in another 
way, 95 per cent of all deaths from measles occur m children four years 
old and under Accordingly, the older a child is when accidentally in- 
fected with measles, the less likely he is to suffer serious comphcations 
or death One further illustration, quoted from Godfrey,® is very dlumi- 
natmg In New York State, from 1915-1924 there were 35,930 cases of 
measles reported among children under three years of age, m places of 
less than 200,000 population Of these, 1,441 died, a fatahty rate of 

4 per cent Had these attacks of measles been postponed untd the children 
were between five and fourteen years old, only fifty-four would have 
died and the lives of 1,387 children m this group would have been saved 
In other words, if there were a method which did no more than allow 
one to postpone measles until after children reached their fifth year, 
many hves could be saved Apparendy, it is not generally known that 
such a method does exist If used within five days after exposure, it can 
prevent the disease in up to 95 per cent of those exposed, thereby post- 
pomng the contraction of measles till the children are older and in a 
more resistant age group when again accidentally exposed The method 
has the further advantage, that if used within one week after exposure 
It can modify the infection to a mild, attenuated measles, practically 
sure to be free from serious comphcations This attenuated measles is 
often so mild that it is difficult to diagnose, and yet the attenuated attack 
apparendy confers sufficient permanent active immumty to prevent the 
disease occurring again 

It has been shown that the maximum percentage of prevention is 
achieved only if the serum is mjected intramuscularly within fi\e days 
after exposure The minimum dose for children five years old or less is 

5 cubic centimeters and for older children one cubic centimeter for 
every year of their age Prevention can then be expected in from 70 per 
cent to 95 per cent of the injected children Even in those mstances 
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where complete prevenuon does not occur, a modified and attenuated 
attack will occur m all but 3 per cent to 5 per cent of the total group 
One can readily see the advantage of hmmng measles m healthy children 
to this mild disease with its subsequent immumty As a matter of fact, 
attenuaaon should be the method of choice except in debilitated or sick 
children, m children five years of age or less, and m children exposed 
accidentally m hospitals and mstitutions The reason for attemptincr 
complete protection m all children not over five years old, even though 
they are robust and in good health, is that the mortality from measles is 
confined mainly to this lower age group 

The full dose of serum has some chance of preventmg the disease 
even if admimstered between the fifth and seventh day after exposure, 
and even if it fails to prevent the disease, usually causes attenuation 
On and after the eighth day of exposure very little protection can be 
expected 

For attenuaaon, which is advised as the method of choice m healthy 
chddren over five years of age, one-half of the usual dose of serum 
should be injected not later than the fifth day of exposure, or the full 
dose from the sixth to the seventh day 

It also IS well known that pooled normal adult serum is as efficient in 
the prophylaxis of measles as the specific convalescent serum, but it must 
be used in four times the amount, and normal whole blood in about 
eight times the quantity " ® The disadvantage, formerly, in using normal 
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serum w as the larger amount which had to be injected 

HoM^ever, now we have several methods available for concentratmo- 
serum, md, thereby, reducing the amount of immune measles serum to be 
injected to the same volume needed when convalescent serum itself is 
injected One method, which v as developed recently m our laboratory, 
IS by concentrating the serum in sterile, viscose casings, another is by 
precipitating the globulin of the serum, which tv as mvesugated by Dr 
Samuel Karehtz® “ vv ith the cooperation of Dr K G Falk and Mr 
C Greenw^ald of the Research Laboratory of the Department of Health 
in the preparation of the globulin fraction There, also, are several 
methods of freezing and drying serum, and redissolving it m a small 
amount of sterile distilled water 

There is no other method of preventing measles except with material 
obtained from human blood or similar sources (placental globulin,^- 
wath which I have had no experience) 

In 1914, again it was Dr Park who carried out the first work m this 
country wath convalescent scarlet fever serum This w ork was done 
under his direction by Zingher “ 

Many reports since, in many countries, have shown the marked 
therapeutic value of pooled convalescent scarlet fever serum when 
this IS given in large enough amounts and especially when administered 
intravenously early m the disease The beneficial results have been so 
definite that m many articles recommendations are made for the orgam- 
zation of agencies for collecting and distributing conv'^alescent serum 
Blood, yielding potent serum, can be drawn on the tw entieth dav after 
the onset of illness, provided the patient is convalescing and has been 
fever free for at least seven days, and further bleedmgs may be made 
at two or three week intervals for a period of four months from the 
onset of the illness About eight years ago, with the cooperation of the 
Chicago Department of Health and of a number of colleagues, and 
with a grant of funds, it was possible for me to orgamze the Samuel 
Deutsch Convalescent Serum Center at Michael Reese Hospital, and 
similarly, three years ago the Milwaukee Convalescent Serum Center at 
Columbia Hospital, Milwaukee Some of the observanons in Chicago 
have been published with Hoyne and Levmson 

Eight hundred and seventy-two children, givmg no previous history 
of scarlet fever, and unavoidably exposed m their homes to this disease, 
were passiv'^ely immunized with from 10 to 20 cc of pooled conv alescent 
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serum, and only z per cent developed mild scarlet fever and i per cent 
genuine scarlet fever In similarly exposed home contacts, Park stites 
that in his experience about lo per cent contract scarlet fever, and 
Gordon’s findings m Detroit were 15 per cent From 90 to 93 per cent 
were protected who were expected to contract the disease 

The doses for prophylaxis which we are recommending and which 
seem to be giving excellent results are 10 cc by intramuscular injection 
to children up to five years of age, 1 5 cc to those whose age is from five 
to ten years and 20 cc for older children 

The results of therapy have been published of 947 severely ill 
hospitalized patients and 983 home treated patients of varying degrees 
of severity, 1,930 patients in all The hospitalized patients uere treated 
in the Chicago Municipal Contagious Disease Hospital under the direc- 
tion of Dr Hoyne Only severely sick patients received serum, usually 
on admission, and 6,282 mildly or moderately ill pinents, admitted to 
the hospital durmg the same period, treated symptomatically and not 
receiving serum, served as controls 

Some of the findings can be briefly re-stated Patients without septic 
complications showed an average fall of temperature of two and a half 
degrees in the first twenty-four hours and a total of three degrees in the 
first forty-eight hours when they received the convalescent serum 
within the first three days of their illness 

Not infrequently the disease was lapidly aborted, and even a toxic 
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patient with a temperature of 104-105 degrees was converted in rwehe 
hours into a convalescent patient, with normal temperature, followed by 
an uninterrupted rapid convalescence 

^'\l^en the serum was given from the fourth to sixth days of the 
disease the temperature drop was from one-half to one degree less With 
the decline of temperature in the patients treated early, there vas a 
corresponding and marked diminution of toxicity, fading or disappear- 
ance of the rash, relief from angina, nausea and vomiting, return of 
appetite, and shortening of the period of illness iMost patients yith 
complications on admission or mildly ill but later developing complica- 
tions were also greatly benefited by serum 

The evidence definitely shows also that severely ill, serum treated 
individuals developed 1 smaller number of less severe comphcations 
than the mildly or moderately ill in the control group not receuing 
serum 

The dosage, depending on the size of the individual and the se\ eriry 
of the illness, varied from 20 to 100 cc It was admimstered intrai enously 
and occasionally had to be repeated 

The value of intravenous admmistration over the intramuscular 
method cannot be over-emphasized When the serum is injected into 
the vein it is distributed immediately throughout the entire blood stream 
and entire body Hence, therapeutic action begins immediately How- 
ever, It takes from fourteen to sixteen hours for maximum absorption 
to occur after intramuscular administrauon, and even then the potency 
of the serum in the blood is only one-half of what it would have been had 
the same dose been given into the vein It is the safety with which one 
can administer human serum that allows us to recommend the intra- 
venous method rather than any other 

It IS well recognized that a specific, therapeutic serum must be 
administered early in the course of an mfectious disease, in order to 
secure maximum curative results This holds just as true w ith the earH 
administration of convalescent scarlet fever serum as with any other 
serum, such as diphtheria antitoxin If one is to use com alescent scarlet 
fever serum therapeutically in severely ill scarier fever pauents, this 
serum should be admimstered in proper doses intravenously as soon aS 
the diagnosis is made 

Another important use of convalescent scarlet fever serum is in 
the treatment of various types of hemolytic streptococcal infecnons 
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Other than those arising from scarlet fever The reason for this, appar- 
ently, IS that virulent, hemolytic streptococci causing various types 
of infection are closely related to those occurring in scarlet fever They 
give rise to similar toxins which are neutralized by similar antitoxins 

Since the convalescent serum laboratory has been opened in New 
York, many physicians have used convalescent scarlet fever serum, on 
our advice, in the treatment of a large number of patients with severe 
streptococcal infections of the limbs, with streptococcal pneumonia, 
with severe forms of erysipelas, with streptococcal blood stream infec- 
tions, and other serious types of streptococcal mfecnons All of these 
patients have been desperately ill, and the lives of many have been 
despaired of, even after all other types of treatment have been used 
Many of these patients have made rapid recovery Considering the 
desperate plight of these patients the physicians have considered many 
of these results to be quite startling A statistical analysis of these results 
IS impossible, because it is impossible to secure a control group of similar 
patients Once a therapeutic agent is known to be of value it cannot be 
denied to anyone, and, therefore, the observation of a control, untreated 
group IS impossible One can estimate the significance of the results on 
the basis of previous experience 

Recently a very remarkable drug, sulphanilamide, has been exten- 
sively used in the treatment not only of streptococcal infections, for 
which It was introduced originally, but for other types of infection as 
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well Many of the results with sulphanilamide treatment have been 
remarkable, but peculiarly enough it has been found by a number of 
obseivers to cause very little or no benefit in the treatment of scarlet 
fever It has been found, also, that sulphanilamide, at times, causes 
toMC effects and may even cause disaster, therefore, this potent drug 
must be used with care and at times must be discontinued Some of the 
results referred to above in the treatment of pauents desperately ill 
with various types of streptococcal infections hav^e been achieved when 
sulphanilamide failed or when sulphamhmide had to be disconnnued 

It should be emphasized again that convalescent serum is as nearlv 
bland and innocuous a material as w^e know of, and, when properly 
prepared, in our experience has never produced any bad effects, which 
caused concern to the attendmg physicians Whereas the exact method 
of action of sulphanilamide is not know n, some experimental wmrk by 
RosenthaP-® indicates that a specific, therapeutic serum may comple- 
ment the acuon of sulphanilamide, so that these nvo substances act 
synergisucally This means that when given together the beneficial effect 
is greater than the summation of the effect of each given separately 
Therefore, during the past year since sulphamlamide has been available, 
some patients have received both of these agents simultaneously with 
excellent results 

It has been found that conv alescent scarlet fever serum is an excel- 
lent material for producmg the Schultz-Charlton blanchmg phenomenon, 
w'hich, at times, is an important aid m the diagnosis of a scarlet fever 
rash One cubic centimeter of this serum should be mjected mtra- 
cutaneously, and this small amount of serum, put up in ampomes, can be 
obtained at our laboratory Agam the use of human serum for this test 
avoids the use of ammal serum with the possibility of reactions, sen- 
sitization, etc 

The Manhattan Convalescent Serum Laboratory is located m the 
Research Laboratory of the City Department of Health, on the same 
grounds where Dr Park years ago did the first work m this field in 
this country It is a non-profit organization, and its wmrk has been made 
possible by the grant of funds from the Nathan Hofheimer, New 1 ork 
and Friedsam Foundations, and the Lederle Laboratories 

In order to mamtam a supply of serum it is necessary to charge the 
cost ot production of these serums Until now the laboratory has rot 
become self-supporung, but it is hoped that it w'lU become so in the 
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future 

The demand for serum by physicians and hospitals has become so 
great that it is only with the greatest difSculty that we have been able 
to secure a sufficient supply to satisfy these demands We need the 
help of all physicians m our endeavors to secure a sufficient amount of 
convalescent serum Physicians can be of the greatest service in advising 
their private adult and adolescent pauents immediately after recover)^ 
from measles or scarlet fever to cooperate \\Tth the Manhattan Con- 
valescent Serum Laboratory Only 250 cc of blood are taken at a tmie, 
and for this each donor is paid $5 immediately In our experience vith 
many thousands of donors this has never caused the donor any harm 
Smce V e take special care to make this a painless procedure with a small 
intracutaneous injection of novocain, the donors wiUmgly return at 
three-week mtervals for a period of four months to do their share m 
furnishing serum to aid others, especially children, exposed to or suifermg 
from the disease from which the donors have just recovered Physicians, 
also, have been extremely cooperative m advising their panents to help 
in this work 

The laboratory appreciates the help that has been gnen by many 
physicians, and will endeavor to maintam its effort to cooperate with 
physicians and hospitals in the control and treatment of infecnous 
diseases 
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ANNOUNCEMENT OF 
EDWARD N GIBBS MEMORIAL PRIZE 
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under the EdAvard N Gibbs Memorial Prize toward original research m 
Diseases of the Kidney during 1938 
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PROCEEDINGS OF ACADEMY MEETINGS 


STAl ED MEETI EOS 

Jfw 5 — 3/ifl Eexo York Academy of 1 idi- 
ctne E\ecuti\e Session — a] Reading ot 
the minutes, b] Presentation of diplo- 
niis I| Joint meeting of The New "iork 
Ac■ldem^ of Medicine and the Weltaie 
Council of New York Citj , Presiding 
James Vlexander Miller, president. The 
Neu "iork Academy of Medicine — a] 
Chrome illness in New York Cit\ Find- 
ings of the National Health Sur\e\, G 
St J Perrott, principal statistician. 
National Health Survey of the Cnited 
States Public Health Service, b] V coiu- 
niunitv program for the care of tlie 
thronieilh ill Based upon the hospital 
survev for New "iork, Ernst P Boas, 
chairman. Committee on Chronic Illness 
of the Welfare Council ot New Tork 
Cit\ Report on election of members 

Mv\ 19 — The Harvey Society (in afjiiliation 
u.i(/i The Eexv York Academi) of Medi- 
cine) Ihe eighth Harvev Lecture, Ex- 
perimental Hvpertension Induced bv 
Renal Iseliemia, Ham Goldblatt, Pro- 
fessor of Experimental Pathologv, M est- 
ern Reserve Universitv 

SECTION MEETINGS 

Mvv 3 — Dermatology and Syphiloloqy Ex- 
ecute e Session — a] Reading of the min- 
utes, b] Election of section officers and 
member of Advisory Committee — For 
chairman, Eugene F Traub, for secre- 
tarv, Louis Fulipan, for member ot 
Vdvisorv Committee, Max Scheer 
f Presentation of cases — a] New Tork 
Polv clinic Hospital, b] Beth Israel 
Hospital, c] Good Samaritan Dispen- 
sarv , d] Sea View Hospital, e] Miscel- 
laneous cases ^ Discussion of selected 
cases 

6 — Surgery Executive Session — a] 
Reading of the minutes, b] Election ot 


section officers and member ot -Vdvisorv 
Committee— For chairman, Frank L 
Melenev, for secretarv, J M illiam Hin- 
ton, tor member of Vdvisorv Committee, 
Roderick V Grace ^ Presentation of 
cases 11 Papers of the ev emng— a] Vfter 
treitment of Colles’ fracture, Frederick 
Henrv \mendola. Discussion bv Condict 
M Cutler, b] Problems m treatment ot 
fractures m chddren, Fenwick Beekman, 
John E Sullivan, c] Prelimmarv report 
on a new pm method for treatment ot 
fractures of shafts ot the long bones, 
Kenneth M Lewis, Lester Breidenbach, 
d] Open reduction and fixation as a 
primarv procedure m adult fractures 
ot the long bones, Clav Raj ^lurraj , 
Discussion bv William Darrach <[ Gen- 
eral discussion 

Mv\ 10 — Joint Meeting, Neurology and Psi/- 
chiatry and the Neiv York Neurological 
Society Executive Session, Section ot 
Neurologv and Psjchiatrv — a] Reading 
of the minutes, b] Election of section 
officers and members of Advisorv Com- 
mittee — For chairman, Morris Grossman, 
for secretarv, Lewis Stevenson, for two 
members ot Vdvisorv Committee, 
George H Hj'slop, for two jears to fill 
unexpired term of James H Huddleson, 
resigned, Irving H Pardee, for five 
veais ^Papers ot the evening — a] On 
the topographj of a probable sleep- 
regulating center, Joseph PI Globus, 
Discussion bv Henrv -V Rilev b] The 
treatment of neurogenic megacolon bv 
selective druas, Valter O Klingman 
Discussion bv Edward J Donovan, An- 
gus M Frantz, Henrv V Rilev c] Psv- 
chopathological aspects ot emotional di- 
vorce, Phdip R Lehrman Discussion 
bv Clarence P Oberndorf, Louis Casa- 
major, Irv mg Pardee, Israel V echsler, 
S Bernard Mortis, George PIvslop, 
Simon Rothenberg (bv invitation) 
f General discussion 
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Ma\ 11 — Htitorical and Cultural Hedicine 
Executive Session — i] Reiding of the 
minutes, b] Election of section officers 
and member of the Advisory Committee 
— For chairman. How ard Reid Craig, 
for secretarv, Louis Casamajor, for 
member of the Advisorv Committee, 
Regmald Burbank ^ Papers of the eve- 
ning — a] Medieval origins of the mod- 
ern hospital (1 intern slides), Edward 
F Hartung, b] KonridGesner — scholar 
physician (lantern slides), Thomas P 
Fleming (by invitation) ^General dis- 
cussion 

Mat 12 — Pediatrics Case Demonstr itions 
U Executive Session — Election of section 
officers and member of Advisory Com- 
mittee — For chairman, Philip ^M Stim- 
son, for secretary, Lucy Porter Sutton, 
for member of Vdv isory Committee, 
Samuel Z Lev me ^ Presentation of 
single case reports — a] Israel Zion Hos- 
pital — Esophageal varices and throm- 
bosis of the splenic vein, H M Green- 
wald, b] New Rochelle Hospital — Hem- 
orrhagic disease of the new born, Fair- 
fax Hall, c] Babies’ Hospital — Derma- 
tonijositis, Ralph V Platou (by invita- 
tion) , d] Mount Sinai Hospital — Lipoid 
granuloniytosis, Howard G Rapaport 
(bj invitation) , e] New York Infirmarv 
for Women and Children — Unusual car- 
bohydrate metabolism, Jlanon Josephi 
(bv invitation), f] New York Hospital 
— Dermatorrhexis (Ehlers-Danlos syn- 
drome), Carl H Smith, g] Roosevelt 
Hospital — Post-mfectioiis cerv ical sub- 
luxation, Alexander T Martin, M Beck- 
et Howorth, h] Millard Pirker Hospi- 
tal — Mastoiditis in scarlet fever with 
ligation of the common carotid arterv, 
Francis W M’hite, i] St Luke’s Hospi- 
tal — Injurv of child bv roentgen ravs 
during pregnancv, F Elmer Johnson, 
j] Post-Graduate Hospital — V varietj 
of spotted fever, Irving Posner (by in- 
V itation) , k] Metropolitan Hospital — 
Tuberculous meningitis resembling dia- 
betic coma, Louis L Krafchik (bj invi- 
tation) , 1] Lenox PIill Hospital — Gan- 
grenous cholecv stitis with perforation. 


Irwin P Sobel, Discussion bv J i eo- 
pold, m] Knickerbocker Hospital— 
Intussusception with present ition ot 
appendix at anus, Irving LeBell (b\ 
invitation), n] Harlem Hospital— Con- 
genital obliteration of the bile duct 
Reuben Steinholz (bv invitation), o] 
Flower-Fifth Avenue Hospital— Osteo- 
petrosis ( Albers-Sclionberg s disease), 
Forris E Chick (bv invitation). Discus- 
sion bv AI Biss, p] Bronx Hospitil- 
Icterus grn is, Henrv M Meisiiiinn (bv 
invitation), I Rothstein (bv mvitition) 

16 — Ophthalmology Examination of 
cases (bring instruments) 1| Executive 
Session — a] Reading of the minutes 
(8 15) , b) Election of section officers 
and member of Advisorv Committee— 
For chairman, James IV Mhite, for sec- 
retarv, Rudolf Aebli, for member of 
Advisory Committee, Martin Cohen 
U Paper of the evening — The intraocular 
tension in sarcoma of the choroid and 
ciliarv bodv, JohnH Dunnington Case 
reports — a] Trauma with secondan 
orbital infection and retinal changes, 
b] Lvanphoma or Mikulicz’s disease of 
the lacrimal glands, c] Hvpertelorism 
(this case shows wide-spread orbits and 
distinctive x-ray findings), M^'ebb W 
M''eeks, d] Anomalous retinal vein cross- 
ing the macula, A L Kornzvveig (by 
inv itation) , e] Precancerous melanosis 
of the lids and contunctiva, Algernon B 
Reese, f] Disappearance of the ins after 
prolonged hj'phemia, g] Fistula of the 
lacrimal gland, Guernsey Frev , h] Sud- 
den dislocation of the lens in the ante- 
rior chamber, of congenital origin in 
two members of a familv, toUowed by 
secondary glaucoma. Extraction of 
lenses, i] Unilateral exophthalmos due 
to a sclerosing sarcoma of the anterior 
middle cranial fossae, Martin Cohen, j] 
Tav -Sachs disease, Joseph Laval, k] 
Zonular opacitv of the cornea, M David- 
son, 1] Retrobulbai neuritis with partial 
closure of the central retinal arterj, 
"Walter F Duggan (by invitation), ni] 
Retinitis punctata albescens, n] Kera- 
titis neiiroparah tiea, Morns Tafle (by 
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m\itation), o] Dacr\oiclenitis, Henr\ 
Mmskv, p] Superficial punctate kera- 
titis in a \oung bo\ , q] Vn interesting 
fundus lesion, r] Vnkaloblcpliaron uith 
IieteraLliroinia ot the ins, R lownlei 
Paton, McClelland Shclbii in (In iiniti- 
tion) , s] Occupational ker ito-coniunc- 
tnitis in a brass Morker, Princes Ricb- 
iiian (bj mutation) t] Von Hippel s 
disease (angiomatosis letmie), Ren- 
janim C Rosenthil (b\ inaitition), u] 
Retinitis pigmentosa Hole m macul i of 
one e\e, \] Bilateril glaucom i con- 
trolled b\ a LaGringe iridectom\, 
Charles V Perera (b\ miitation) u] 
Photographic studies of a case of mtr i- 
ocidar foreign bod\ before and itter 
remoial, Donald AV Bogirt (In imita- 
tion) , a] kn operation for conuenit il 
ptosis, Giralamo Bonaccolto , \ ] Prop- 
tosis in a six Meeks old infant. Atoms 
Greenberg 

Max 17 — Medicine Exeeutne Session — Elec- 
tion of section officers and member ot 
-kdcisorc Committee — For chairni in, 
Ihomas T Mackie, for secretart, Siiii- 
uel A\ Lambert, J r , for member ot 
■Vdcisorc Committee, Joseph Hi)ek 
IJ Papers of the e'ening — a] The diag- 
nosis and treatment of gonorrheal endo- 
carditis, John S Dacis, Jr , Discussion 
bi Ralph H Boots, b] Oil aspiration 
pneumonia and pneuniolipoidosis, Philip 
G C Bishop, Discussion b\ H Pinker- 
ton, Boston (bj imitation), c] Ihc 
therapeutic aspects of gastric and duo- 
denal ulcer Mith hemorrhige. Bun ill B 
Crohn, Henr\ H Lerner (be inciti- 
tion) , Discussion b\ AVilliam H Glafke 

Oenito-Vrinary Surqery No meeting ot the 
section of Genito-Urmarv Surgerc was 
held in Mac )fTbe folloumg section 
officers and member of the Vdcisorc 
Committee Mere elected at the meeting 
of tlie section held -Vpril 20 Chairman, 
John A Taclor, secretarc, Simon k 
Beisler, member of kd\ isorc Cominittee, 
Roc B Plenlme 

Mac 18 — Otolaryngology Executice session 
— a] Reading of the minutes, b] Elec- 


tion of section officers and member 01 
Adcisorc Committee — For chairman, 
Francis AV AVhite, for secretarc, Fred 
A\ Graef, for member of Advisorj Com- 
mittee, John D Kernan (f Paper of the 
ecenmg— kftections of the cricopharcn- 
geil fold, Mr \ ictor E Negus, London, 
Englind (be me Ration), Discussion bv 
John D Kernan, Charles J Imperatori 
ly General discussion 

Mc\ 20 — Orthopedic Surgery Executice 
session — a] Reading ot the minutes, 
b] Election of section officers and mem- 
ber of -kdcisorc Committee — For chair- 
man, Joseph B L’Episcopo, for secre- 
tarc, Dacid AI Bosccorth, for member 
of the kde isorc Committee, Earl E 
A anDerccerker (( Papers of the ecenmg 
— i] kthletic injuries, Alarvin k Ster- 
ens (be me Ration) , b] Analysis of three 
hundred and tliirtc cases of supracon- 
dclir fractures from the Children’s Sur- 
gical Sere ice of Belleciie Hospital, ireem 
E Sins, c] Hoke arthrodesis for flaccid 
fl it feet m children, Peter E Sabatelle 
(be mcitition) d] Demonstr ition of 
motor bone unit, S Llocd Fisher (be 
me Ration) f Discussion 

AIca 2-1 — Obitetiicb and Gtpiecoloi/y Execu- 
tice session — a] Reading ot the minutes, 
b] Election of section officers and mem- 
ber of kdcisorc Committee — For chair- 
man, Edecard H Dennen, for secretarj, 
klfred AI HeUman, for member of 
kdcisoic Committee, Louis J Lad in 
f Papers of the ecenmg — a] kutnpsc 
findings m still-births and neonatal 
deaths a report of 200 cases, John Av’ 
Hammond Discussion be knthonc Rot- 
tmo (be me Ration) b] A. critic il inalc- 
sis of blood loss foUoMing delicerc, ccitli 
special reference to the calue of ergo- 
trite, Arthur AI Reich Discussion be 
Harcec B Alattheccs, Tohn B Pistore 
(be me Ration), c] Further obsercations 
on the endocrine basis of toxemia ot 
pregnance , cc itli a classification of he per- 
tension m pregnance, Jetierson J A or- 
rmier (be me Ration), Discussion be 
AATlliam Herrick, Raphael Lurzrok 
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AFFILIATED SOCIETIES 

JiA-i 16 — The New York Roentgen Society 
(in affiliation with The New York Acad- 
emy of ItedicineJ Interesting cases 
^ Paper of the e\ ening — X-rav diagnosis 
of functional foot disorders, Dudley J 
Morton (In imitation). Discussion 
opened bj T Campbell Thompson (b\ 
incitation) Alauiice M Pomerantz l]Es.- 
ecutne session — Annual meeting and 
election of officers 

Mai is — Neza York Section of the Society 
for Experimental Biology and Medicine 
Variations in pathuass by which equine 
encephalomj elitis \iruses in\ade the 
CNS of mice and guinea-pigs, Albert 
B Sabin, Peter K Olitsky (f \ge of 
host and capacit\ of equine encephalo- 
mielitis Mriises to insade the CNS, Al- 
bert B Sabin, Peter K Olitskv f Effect 
of age of the host on resistance to tuber- 
culous infection, K C Smithburn Ef- 
fects on blood pressure of injections of 
urine estracts of normal and Inperten- 
si\e indiiiduals, J H Leathern (Intro- 
duced by W W Su ingle) If The un- 


identified base in gelatin, Donald D y 
Slyke, Alma Hiller (bj mutation), !{,( - 
ert T Dillon (b\ invitation), Do 
MacFavden (bj mutation) iJTr 
mission of mouse sarcoma with 
numbers of counted cells, Morton 
Kahn, Jacob Furth }f“Acid” phos 
ase acti\ ity of the serum of norma] 
man subjects, Alexander B Gu 
Ethel Benedict Gutman (bv im itati 
^ Business session 

26 — New York Pathological Soci 
( in affiliation with The Nezo York 4 
emy of Medicine) Papers of the eun 
— a] Classification of the pathologi 
infected abortions, Henrv C Falk ( 
mutation), b] Experimental studies 
tissue reactions to lipids the format 
of acid-fast membranes around certa 
oils and waxes, Irving Graef, AViUia 
Kaufmann (bj mutation), Leo Kapla 
(by mutation), c] Disseminated Inp 
er\ thematosus m a male with some u 
usual findings, Arthur Ginzler (by im 
tation), T T Fox (by mutation 
(JExecutne session 
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MEMBERS ELECTED 


\PR1L S, 1938 

WEMBEIIS 

Max Bernanke, 239 Central Park AVest 
Louis Berk, 215 East 73 Street 
Edum B Bilchick, 876 Park Vcenue 
John G Copeland, 2k Do%e St, Albany 
Caldwell B Esselstvn, 16 East 90 Street 
Donald Malven 

7 Adriance \.\e, Poughkeepsie 


Frink Ober, 23-1 Marlborough St, Boston 
Gerald H Pratt, 219 AA'est H Street 
J eremi ih T Simonson 

365 AA^est End A\ enue 
Ihomas J AThite, 221 LMion St, Jersey Cit\ 

MAY 5, 1938 

AA'illiim 'Iraus Gibb, Jr, 110 East SI Street 
AA ilham PI Resnik 1 

65 South St, Stamford, Conn 
S inuiel B Schenck, 876 Park Avenue 

ASSOCIATES 

Franklin Hollander, 203 Attest 81 Street 
AA’ilham C Mnclaush 

14-2 Edgemont Rd , Scarsdale, N A 
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• Contains concentrated ehnchis of rij.e havan'^s vi a 
convenient fonn jai ilic vuysmnn ivho W'sIiks io nse 
npe lananas fls a ihera^e^itic agent Litciatnre on leiioest 
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